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PREFACE
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Geology and Rock Mechanics Division; Dr. W. F. Marcuson III, Chief, CL;

and Dr. P. F. Hadala, Assistant Chief, CL. Mr. R. D. Bennett, RMAC,

prepared the report.

Commanders and Directors of the WES during the investigation and

preparation of this report were COL John L. Cannon, CE, COL Nelson P.

Conover, CE, and COL Tilford C. Creel, CE. Technical Director was

Mr. F. R. Brown.

VTI
NTIS ',,~ V,
DTIC TA ;
UtilAnounced
justifiation

By-

Distribution/

jvallab.llty Cod03

Avail and/or

Dttt Special

I1
4A



CONTENTS

Page

PREFACE.......................... .. .. .... . .. .. .. .. .. ... 1

CONVERSION FACTORS. U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT.......................3

PART I: INTRODUCTION ........................ 4

Background...........................4
Purpose..............................5
Scope.............................5

PART 11: DESCRIPTION OF ESTTMATINC METHODS............6

Elements of Tunnel Construction .................. 6
Tunnel Estimating.......................10
COSTUN - A Computer Program for Estimating

Costs of Tunneling........................17
TCM -Tunnel Cost Model ................................... 23

TM -Performance/Cost Tunneling Model.............30
TSC/FMA - Transportation Systems Center/Foster Miller

Associates Model.......................32
Comparison of Computer Models, Cost Curves, and
Manual Estimates.......................34

PART III: ANALYSIS OF CASE HISTORIES ................ 35

Nast Tunnel..........................35
Buckskin Mounto'ins Tunnel ................... 40
Park River Tunnel.......................43

PART IV: SUMMARY AND CONCLUSIONS .................. 47

REFERENCES...............................50

TABLES 1-8

APPENDIX A: USER'S GUIDE FOR PROGRAM COSTUN ............AlI

Introduction..........................Al
Input Data. ................ . .. .. .... A2
Program Execution and Printout ................. A19

Program Listing........................A21

2



CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

acres 4046.8 square metres

Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

feet 0.3048 metres

gallons per minute 0.003785 cubic mpetres per minute

inches 25.4 millimetres

miles (U. S. statute) 1.61 kilometres

pounds (force) per square 4.882 kilograms per square metre
foot

pounds (force) per square 703.1 kilograms per square metre
inch

pounds (mass) per cubic 16.02 kilograms per cubic metre
foot

*To obtain Celsius (C) temperature readings from Fahrenheit (F) read-

ings, use the following formula: C =(5/9)(F - 32). To obtain Kelvin
(K) readings, use: K (5/9)(F - 32) + 273.15.
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TUNNEL COST-ESTIMATING METHODS

PART 1: INTRODUCTION

Background

1. Tunnel construction in the United States has been character-

ized as a high-risk, high-cost business. Cost overruns and delays have

been especially damaging to public support for rapid transit tunnel

projects and, to a lesser extent, to water tunnels. This support is

critical since most tunnels are built and maintained with Laxpayers'

dollars. Consequently, decision makers have been forced to consider the

following difficult questions:

a. What factors cause these overruns, what is the relative
impact of each factor, and what can be done to improve
the assessment of these factors?

b. What is needed to make tunnels more competitive with
aboveground alternatives?

c.The big question: Are these projects necessary and in
the best interests of the taxpayer or are there better
a lternat ives ?

2. Much research has been sponsored by public agencies to find

answers to these questions. Institutional factors have been studied

(Mayo et al. 1968 and 1976, and National Research Council 1974). Such

factors include the business climate, the reputation of the owner, the

relative demand for tunnel construction and competing construction,

which influences bid prices, risk, and profitability, and the general

owner-engineer-contractor relationship. The barriers to technological

innovation and to increased competition through the entry of new firms

into the market have been studied, and recommendations have been made

for improving the current situation. This report deals with one part of

the overall problem; i.e., given the natural variability of underground

conditions, the productivity of various combinations of men and equip-

ment capable of constructing a tunnel, and the uncertainty of the eco-

nomic climate, how reliable can the estimate of the cost of this planned
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construction be? A companion question to which answers were sought was,

what is the relative cost impact of each of the identifiable items of

uncertainty?

Purpose

3. The purpose of this study was to develop or adapt reliable

methods for estimating tunnel construction costs that could be used by

planners and designers who are not necessarily tunnel experts or

estimators.

Scop

4. This report presents the results of a study of tunnel cost-

estimating methods. Important elements of tunnel construction are sum-

marized and manual methods and computer models for estimating tunnel

costs are described and compared in Part 11. The computer model (COSTUN)

was selected for in-depth study using case histories of completed tun-

nels. The three types of estimates prepared for each of the three se-

lected case histories are as follows:

a. Estimates were prepared using all information known to be
available to bidders. These estimates were compared with
the engineer' s estimate and contractor's bids.

b. Estimates were prepared using all information available
at completion of the tunnel. These estimates were con-
pared with the as-built cost and the preconstruction
estimates and bids.

C. Parameter studies were made using all information known
to bidders. Several estimates were prepared to assess
the cost consequences of assigning different values to
one factor while holding all other factors constant.

5. The results of the analysis of COSTUN using tunnel case

histories are discussed in Part 111, and the summary and conclusions are

presented in Part IV. A complete user's guide for the COSTUN computer

program is contained in Appendix A.
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PART II: DESCRIPTION OF ESTIMATING METHODS

6. In this section, a general discussion of tunneling and tun-

nel cost estimating is presented, and manual methods, including the use

of cost curves, are discussed. Four computer models for estimating

costs are described and compared.

Elements of Tunnel Construction

7. Before planning and estimating the cost of a tunnel, it is

necessary to understand the different equipment and work methods that

can be used to accomplish the job. Tunnel construction equipment may be

divided into three main groups: (a) excavation equipment such as drills,

jumbos, tunnel-boring machines, roadheaders, and mucking machines;

(b) tunnel haulage equipment such as front-end loaders, trains, and con-

veyors; and (c) service equipment and facilities such as ventilation and

air conditioning, generators, hoists, and lights. Although the selec-

tion of service equipment and haulage equipment is not much affected by

the selection of the heading excavation method, the selection of excava-

tion equipment is definitely dependent on this method. Parker (1970)

and Mayo et al. (1968, 1976) provide thorough treatments of tunneling

from different perspectives.

8. The actual construction of the tunnel consists of six main

operations:

a. Excavation.

b. Muck disposal.

C. Primary support installation.

d. Pumping, grouting, or other ground control measures.

e. Ventilation and air conditioning.

f. Permanent lining installation.

The methods and timing for each of these operations may be varied to fit

project requirements, site characteristics, and to some extent, designer

or contractor preference. Excavation methods and equipment commonly
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used are described in the following paragraphs. A more detailed discus-

sion of various methods used in construction of tunnels and shafts is

contained in IM LLL0-2-2901 (Dept. of the Army, Office, Chief of Engi-

nes(OCE), 1978).

Conventional tunnel
driving (drill and blast method)

9. Three major operations characterize this method of advancing

a rock tunnel face. First, a burn cut is drilled at the center to allow

room for rock expansion. Additional rings of holes are then drilled in-

to the face on a predetermined pattern, using air or hydraulically oper-

ated drills mounted on a movable platform or jumbo. The holes are then

loaded with dynamite or ANFO (a mixture of ammoniurr nitrate and fuel

oil) and exploders that are connected to an electrical firing circuit.

Men and equipment are then moved back a safe distance and the round is

fired. After ventilation of powder fumes, the nucker is moved in and

loads the broken rock into muck cars. Then the muck is transported to

the surface and disposed of, the mucker is moved back, and the drill

jumbo again advances to the tunnel heading to start another round.

Depending on rock conditions, grouting to stop groundwater inflow, sup-

port placement, and exploratory drilling ahead of the face may be nec-

essary before another round is drilled for explosives.

10. Major decisions that must be made in the planning stages of

a conventionally driven tunnel include whether air, electric, or diesel

power will be used and whether equipment will be rubber-tired or travel

on rails. The basis for selection of power options and equipment mobil-

ity are covered in detail by Parker (1970) and are only summarized in

this report.

11. Several variations may be used in conventional tunnel driv-

ing to accommodate special conditions. In good rock, full-face

excavation is the favored method, but in poor rock or a mixed face, or

in very large tunnels or caverns, heading and bench or multiple drift

methods may be used. When heading and bench excavation is used, the top

is normally driven portal to portal before excavating the bench. This

practice allows the use of the drill jumbo in both operations. Prior to
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about 1940, before jumbos became popular, the bench was usually exca-

vated just behind the heading, with only a short 10 to !5-ft* working

plat form left.

12. Multiple-drift excavation is used when the crown must be

continuously supported. Drifts may be driven at opposite springlines

with rockbolts and shotcrete used for support. The rockboLts may ex-

tend transversely across the crown of the main tunnel so that it may

then be safely mined. There are variations in the placement of drifts

to meet special cases.

13. In a mixed-face excavation, part of the tunnel face consists

of crushed rock or soft ground and the remainder is more competent rock.

Forepoling or spiLing is used to support the roof between the nearest

steel set and the face. Sharpened wood spiles or steel rods are driven

into the roof at a shallow angle from behind the nearest support and ex-

tended some distance beyond the face.

14. Blasting patterns vary for different conditions and because

of contractor preference. The many options and factors that should be

considered to develop an efficient blasting pattern are discussed in de-

tail in EM 1110-2-290L (Dept. of the Army, OCE, 1978). Blast holes are

normally drilled either 8 or 12 ft deep. Two popular patterns are the

angled cut and the burn cut. A combination of the two is also used.

With the angled pattern, four cut holes are angled from the face to in-

tersect at the axis and are heavily charged. Next, a ring of relief or

easer holes is drilled, followed by one or more rings of enlarger holes,

depending on the tunnel diameter. The outermost holes are the trim

holes. Trim holes in the invert are called lifters. Successive rings

are detonated after predetermined delays, starting with the cut holes at

the axis. The trim holes are fired last. The lifters in the invert may

be fired before or after the trim holes around the crown and spring

lines, depending on the desired shape and size of the muck pile. The

burn cut pattern uses one or more large diameter uncharged holes at the

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 3.
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axis to allow room for rock expansion when the outer rings are deto-

nated. Again blasting proceeds from the easer holes to the trim holeg,

usually with predetermined delays between detonations of successive

rings.

15. Jumbos for drilling the blast holes may run on the same

track as rail muck cars or may straddle the muck car tracks on wide

gauge railg, or in large tunnelg, the jumbo may be rubber-tired. In

3mall tunnels, with insufficient head space for a jumb6, lightweight

air-leg drills may be used.

16. Mucking in small tunnels may be accomplished using a rail-

mounted, air-operated, rocker-type shovel that loads the muck cars. In

larger tunnelg, an electric-powered mucker may scoop the muck onto a

short conveyor section that dumps into the muck cars. The muck cars are

pulled by electric or diesel-powered locomotives; if rail cars are used

in steep-sloped tunnels, they may be winched. In very large tunnels,

rubber-tired equipment is usually chosen for muck loading and hauling.

Tunnels driven with a shield

17. Shield-driven tunnels get their name from a steel plate

shaped to fit the outside dimensions of the tunnel. The shield is used

to prevent loose material from flowing or running into the excavation

and must be jacked against the face. The miners excavate the face

work under the front section of the shield, while supports are erected

inside the rear section of the shield. As the face is excavated, the

shield is jacked forward and slides past the previously erected sup-

ports. Tunnel support is transferred from the shield to the supports

that may be cast iron, steel, or precast concrete segments. The annular

space left by the thick shield plate is filled with pea gravel and

grouted soon after jacking the shield forward. The use of a shield is

dictated by poor ground that cannot be safely mined otherwise. In run-

ning ground, breastboarding at the face is required.

Tunnels driven under air pressure

18. Tunnels driven through soft ground below the water table or

through crushed water-bearing rock zones require the use of compressed

air in conjunction with the shield and partial or full breast boards at

9



the face. The air pressure is maintained by use of an air lock in the

rear of the shield or at the portal. Sufficient pressure to balance the

hydrostatic head is maintained forward of the air lock. Work hours are

restricted proportional to the air pressure used, and a medical lock

with a full-time attendant must be provided. Costs are proportionately

higher for compressed air tunnels. The West Cermans have recently in-

troduced a successful slurry shield, the Hydrashield, which balances the

hydrostatic pressure at the face with a bentonite slurry under pressure

and thus eliminates the need for compressed air work.

19. Tunnels driven by boring machine (mole). This method of

excavation replaces the cycle of drill, blast, and muck with (nearly)

continuous simultaneous excavation and mucking. In soft, competent rock

conditions, moles make faster progress than conventional driving methods.

The mole or tunnel boring machine has a round rotating or oscillating

cutterhead that may be fitted with any of several types of bits, teeth,

or discs, depending on the type of material encountered. The material

removed by the cutter is scooped from the invert by a muck bucket that

rotates with the cutterhead. The muck is dumped on a conveyor belt and

carried away from the face, either to the shaft or portal or to muck

cars behind the mole. Moles may be used with shields in incompetent

materials or soft ground, but better progress is made in soft, consis-

tent rock where a shield is not necessary. Excavation in very hard rock

wears down the bit very quickly; stratified rock or mixed face results

in uneven thrust and excessive bearing wear and can cause large rocks to

jam between the tunnel wall and rotating cutterhead.

Tunnel Estimating

20. Tunnel estimating is the art of conceiving a job on paper

and properly evaluating the cost of planned construction. The assump-

tions and decisions that form the basis for cost computations are made

by comparing cost records of similar completed projects, assuming a syn-

thetic organization of men and equipment and rates of material usage and

progress, or a combination of the two. A cost estimate can be prepared
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manually or with thle aid of a computer, but the basic decisions that

must be made are identical and often both methods are used as a check.

To develop a synthetic model, thle method of excavation must be chosen,

types and amount of equipment selected, progress rates assumed, crew

sizes and makeup decided, and man-days required to accomplish the job

estimated. The actual estimate quantifies the cost of the various in-

puts, including equipment, labor, materials, supplies, supervision, and

escalation. Normal contingencies, risk, interest, and profits are not

included in the estimate but compose the markup added to thle estimate to

arrive at a bid price. Engineering design and inspection are usually

absorbed by the owner and are not included in the estimate. On a manual

estimate, an estimator sets down all computations and afterwards pre-

sents the quantities and costs on a spread sheet that must conform to

the owner's format in the request for bids. For a computer estimrate,

production rates, crew sizes, wage rates, and work hours are among the

necessary inputs to produce a tabulated cost estimate. There are dis-

advantages and advantages of each method. Probably no contractor has

ever submitted a tunnel bid prepared solely by a computer; a manual es-

timate gives them more confidence in the assumptions and calculations

used and serves as a check on the black box. On the other hand, the

computer method allows an owner's representative to evaluate many alter-

natives to optimize route selection, support design, depth of cover,

shape, excavation method, and other factors to arrive at the most eco-

nomically feasible option in the time available. A hand-calculated

estimate may then be prepared on the most promising alternatives as a

check. Obviously, then the selection of the method depends on the in-

tended use of the estimate.

21. The following paragraphs present a discussion of the proce-

dures for preparing a detailed manual estimate, a preliminary estimate

using unit cost data, and the use of cost curves.

Manual estimates

22. The steps involved in preparing a detailed manual estimate

follow:



a. Obtain and study plans and specifications.

b. Inspect site.

c. Review aerial photographs, geological reports, and bor-
ing logs.

d. Tabulate quantity takeoffs.

e. Obtain quotes from suppliers, insurance and bonding com-
panies, and subcontractors.

f. Determine wage rates.

&. Prepare construction schedule.

h. Select excavation method.

i. Select equipment.

_. Estimate cost of equipment rental or purchase.

k. Determine crew size and makeup.

1. Estimate progress rates.

m. Estimate cost of aboveground development.

n. Estimate cost of tunnel excavation supplies.

o. Estimate cost of tunnel excavation labor.

Estimate cost of support and lining supplies.

Estimate cost of plant.

r. Estimate cost of concrete-lining labor.

s. Estimate direct cost of other bid items.

t. Tabulate all direct costs.

u. Estimate indirect costs.

v. Estimate camp costs.

w. Estimate escalation.

x. Tabulate total estimated costs of project in format re-
quired by request for bid.

All the steps above are interrelated and must be checked back and forth.

For example, the initial construction schedule may be altered several

times, but the contract end date must be adhered to. Thus men and

equipment may have to be added to accomplish some tasks more quickly.

The plans and specifications will be referred to countless times, i.e.,

after the site visit to check the impact of new information gained about

aceess, labor wage rates and availability and their impacts on partic-

ular excavation methods, blasting restrictions, availability and cost of

12
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power and water, etc. The review of ,eological information may indicate

that a favored method of excavation or groundwater control will not work,

necessitating changes. It is a good idea to prepare a checklist, and as

each step is completed, compare them to determine if there are conflicts

that must be resolved before moving to the next step. Quantity takeoffs

must be calculated for each supply item or task and tabulated for conve-

nient identification and cost of every aspect of the job. Requests for

quotations from equipment and materials suppliers are made at the earli-

est possible date, even before the excavation method is chosen, to nail

down these costs. These quotes serve as the basis for evaluating alter-

native methods and equipment.

23. Wage rates and availability are usually determined during

the site visit, but they may change before the contract is awarded and

so must be watched carefully. Selection of the excavation method sets

the stage for many of the subsequent decisions and must be carefully

weighed against required equipment purchases versus equipment currently

owned, required crew makeup, manufacturer's lead time, and a host of

other factors. Currently owned machines are always favored if they are

suitable for the tasks. Selection of muck haulage and service equipment

is not much affected by the excavation method. Tunnel length, size,

shape, distance to disposal, and time allowed for completion do have a

major impact on types and numbers of equipment used. Similarly, crew

size and makeup are dependent on methods and equipment used. The ad-

vance rates that can be achieved are tied to all these factors; the

slowest unit of production is the controlling one. For example, a tun-

nel boring machine may be capable of excavating 50 ft per shift, but if

it is mated with a muck removal system that is slower or breaks down of-

ten, the mole will never develop that rate. In drill and blast tunnels,

the length of rounds must be balanced against the capacity and cycle

time of the muck removal system. Juggling men and equipment, length of

rounds, etc., may be required to achieve the best possible efficiency.

In some cases, more men and equipment might speed up mucking, but lim-

ited work space in small tunnels might preclude this effort. In such a

case, multiple headings or alternating headings may be advantageous. To

13



achieve a synchronized efficient advance rate with the least possible

idle time is one of the most difficult, yet necessary, tasks in tunnel

construction. It cannot be done with any finality on paper but requires

continuous monitoring and the ability to adapt quickly to changing

conditions.

24. When the best estimate of progress rates has been arrived

at, the next step is to tally the direct and indirect costs of each pay

item. Direct costs may be arranged in the following categories after

the equipment, crew makeup, advance rates, and quantities hive been set:

a. Access and supply logistics (mobilization).

b. Tunnel excavation.

(1) Labor.
(2) Materials.

(3) Equipment.

c. Primary support.

(1) Labor.
(2) Materials.

__ (3) Equipment.

d. Lining.

(1) Labor.
(2) Materials.

(3) Equipment.

e. Demobilization and salvage.

25. Indirect costs must be developed next. Checklists are time-

saving aids for this task and Lan be used for insurance, plant, A:eld

overhead, and office supervision. The effects of inflation and the data

used by the contractor to develop a cash-flow forecast must be checked.

In some instances, the figures may be juggled to produce a more favor-

able cash flow during the early stages of the contract. This practice

is known as unbalancing the bid. An owner's representative is less con-

cerned about cash flow but must consider the yearly budget requests and

needs of the owner if the tunnel is publicly owned. (Most tunnels are

owned by state and federal agencies). The estimated costs, when to-

taled, will be the basis of the build-no build decision by the owner and

the bid-no bid decision by the contractor. In addition, the contractor

must consider other market conditions, including interest costs, minimum

14
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attractive rate of return, business-mix objectives, key personnel, etc.,

and balance this job against other tunnel jobs or other heavy construc-

tion, each with its own set of potential rewards and penalties.

26. The steps required to manually estimate the cost of tunnel

construction have been outlined. According to personnel in large tunnel

construction firms, the average time required to prepare a detailed tun-

nel estimate is three weeks and ranges from two weeks to two months.

Unit cost method

27. The unit cost method of estimating tunnel costs is a well-

accepted simple technique for making preliminary or planning estimates.

It relies on historical records of similar jobs. BasicalJv, the esti-

mator prepares quantity takeoffs for the tunnel and determines the unit

cost of each item by comparison with other similar tunnels. These costs

may or may not be adjusted for inflation, regional differences, etc.

The sum of the unit cost times the quantities of each item yields the

tunnel cost. Obviously, this simplified method may not reflect the ac-

tual cost for several reasons: (a) differences in locations, construc-

tion methods, special site conditions, etc., are not accounted for and

may not be recognized; (b) if unit cost data are developed from the

three lowest bids, as is often the case, the common practice of unbal-

ancing bids will distort the unit costs. However, the total cost may

not be affected much because an unbalanced bid is just a redistribution

of the total cost to improve cash flow in the early stages of a project;

(c) unless adjustments are made for inflation, large errors may result;

(d) bidding climate influences are not accounted for, such as the number

of prospective bidders and number of competing jobs. However, only the

profit margin would be affected, and since profit margin ranges from

about 3 to 20 percent, this omission would not negate the unit cost

method's usefulness for preliminary estimates or comparison of

alternatives.

Tunnel cost curves

28. One of the earliest reported developments to improve the re-

liability and reduce the time required for preliminary tunnel estimates

was made by the California Department of Water Resources (1959). Their
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need for reliable preliminary estimates to aid in route selection led to

the formulation of a family of "cost curves." Case histories were ana-

lyzed to determine the cost impact of all factors involved in tunneling.

They considered four major construction items affecting cost: excava-

tion, support, dewatering, and lining. For each item, a family of cost

curves was developed. Each curve represented a specified geological

classification. The curves were plotted as item cost per foot of tunnel

versus tunnel diameter. This work was done before moles and other tun-

neling advances were widely used. Consequently, the curves were repre-

sentative of costs for conventionally (drill and blast) excavated tun-

nels, using standard steel-set support design (Proctor and White 1946).

Soft ground, cut and cover, and mole excavation were not considered.

Only circular-shaped tunnels were analyzed. The cost-per-foot figures

were lump sum, not subdivided for labor, equipment, and materials, or

profit, contingency, and overhead. Prior to the years of rapid infla-

tion, these curves served their purpose quite well. The estimator sim-

ply entered the family of curves with a known tunnel diameter and esti-

mated the length of each representative geological classification, then

found the appropriate cost per foot for his tunnel. The cost per foot

multiplied by the length was the total segment cost. Segment costs were

summed over the tunnel length to produce a total estimated cost of the

tunnel. Inflation and advancing technology eventually eroded the reli-

ability of the curves, but they were a starting point for estimators in

following years.

Computer methods

29. The steps involved in preparing a tunnel cost estimate with

the aid of a computer are identical with those required for a manual es-

timate. The input data must conform to the requirements of the particu-

lar model being used. Some models have subroutines built into them that

allow crew sizes, advance rates, lining thickness, and ground control

measures to be calculated internally. These internal calculations may

be suppressed by direct input of the required parameters, manually over-

riding the calculated value. Other models require that all information

be input, just as in a manual estimate. Four computer models were
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investigated during this study. One important aspect to remember is

that although computer models unquestionably save time on computations,

the data-gathering phase is not shortened and represents the bulk of the

time required for tunnel estimating. Important features of each of the

four models are discussed in the following paragraphs.

COSTUN - A Computer Program for Estimating Costs of Tunneling

30. COSTUN was developed in 1973 by Harza Engineering Company

under contract to the Federal Railroad Administration (FRA), U. S. De-

partment of Transportation. Complete documentation of this program is

contained in Report No. FRA-ORD&D-74-16 (Wheby and Cikanek 1973). The

report is available through the National Technical Information Service,

Springfield, Virginia 22151. Permission by the FRA to use excerpts

from this report is gratefully acknowledged. The COSTUN program has

been used extensively by Harza in their tunnel work and has seen consid-

erable use by the U. S. Army Engineer Division, New England, on the Park

River Tunnel Project. Its use on this project was reported by Blackey

(1979). EM 1110-2-502 (Dept. of the Army, OCE, 1980), Part II, Chap-

ter 14, presents a method for making rough planning estimates for tunnels.

The cost calculations were based on cost curves for different size tun-

nels and various geologic conditions developed using the COSTU' program.

The method described herein allows the user to develop a more comprehen-

sive and accurate estimate. It must be remembered, however, that the

accuracy of any estimating method depends on the accuracy of the required

input data.

Program philosophy and
general characteristics

31. The documentation report (Wheby and Cikanek 1973) states that

the program's philosophy is to duplicate the thought and reasoning pro-

cesses that take place in the detailed planning, design, quantity take-

offs, and estimate of cost of an actual tunnel and shaft system. To

achieve this goal, construction operations that affect cost were divided

into twelve components:
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a. Excavation setup.

b. Excavation.

c. Muck loading.

d. Muck transporting.

e. Muck hoisting.

f. Muck disposal.

.&. Supports.
h. Lining.

i. Lining formwork.

j.Grouting.

k. Pumping.

1. Air conditioning.

Each of these cost components was subdivided into labor, materials, and

equipment cost subcomponents. Tunnels and shafts are considered sepa-

rately in the program, but a similar division of cost components applies.

The program was intended to have general application; therefore, fixed

values were not assigned to these project dependent components. Rather,

matrices of unit costs were developed for each component and subcompo-

nent over a wide range of tunneling conditions, and equations were fit

to these matrices and programmed. These unit costs were developed by

studying past tunnel jobs, as well as current practices, and assuming

synthetic organizations of men and equipment for various types and sizes

of tunnel-shaft systems. Unit costs were based on 1969 Chicago prices

for labor, equipment, and materials. Therefore, adjustments must be

made for other times and locations. These cost adjustment factors must

be provided by the user (guidelines are given herein) and consist of ad-

justments for labor, materials, equipment, and regional productivity

differences. In addition, contractor's profit and overhead are required

user input. The program does not consider the cost of any aboveground

operations except cut and cover construction. Consequently, the costs

of access roads, foundation underpinning, portal excavation, mitigation

costs for loss of business revenue, traffic detours, right-of-way

acquisition, and utility relocations must be separately calculated and

added to the COSTUN estimate. Likewise, costs of architectural finish,
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lighting, permanent ventilation, long-term pumping, and roadway or track

construction must be separately estimated, where applicable, and added

to the estimate. Since these costs and mobilization and demobilization

costs may be quite significant, COSTUN is not recommended for estimating

small jobs. In addition, COSTUN estimates would be inapplicable to one-

of-a-kind jobs where innovative or unique equipment or techniques were

used, for which there was no precedent when COSTUN was developed. In

its defense, however, manual estimates for these jobs would probably be

only slightly more accurate because they too base advance rates on as-

sumptions from precedents.

32. Factors affecting the cost of a tunnel were grouped into

three broad categories:

a. Site characteristics.

b. Design requirements.

c. Construction methods.

The variable factors within each category must be assigned values that

form the input data. Input data for a tunnel-shaft system are stored by

tunnel reach and segment numbers and shaft and segment numbers. A reach

is defined as any number of contiguous segments driven from a single

heading. (The number of reaches is equal to the number of faces worked.)

A segment is defined as a continuous length of tunnel or shaft, within

which all the factors affecting cost must be constant. The user must

decide when the values of a particular factor may be averaged over a

given distance and when a new segment must be created.

33. Design requirements and construction methods change abruptly

when they change at all, so there is no problem in assigning segment lim-

its based on these categories. However, site characteristics are seldom

constant over any appreciable distance. Judgment and experience are

necessary to determine what constitutes significant change in a factor

or factors, requiring establishment of a new segment. A relatively

small change in some factors, such as rock quality designation (RQD),

would necessitate a new segment. Changes in other factors, such as den-

sity, are not so critical, and moderate ranges of density may be aver-

aged within a segment. As part of this study, the impact on estimated
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costs resulting from varying the input values of particular factors was

examined for an expected range of values while holding all other factors

constant. This sensitivity analysis provided insight into which factors

were critical, requiring reliable quantitative determination, and which

factors could be estimated with minimal effects on cost if the estimates

were wrong.

Site characteristic factors

34. Some input factors are not required for certain tunnel types

and excavation methods. Other factors, identified as optional input,

may be input, or the user can allow the computer to calculate the values.

Guidance on selection of parameter values is given in the documentation

report (Wheby and Cikanek 1973). The required factors are as follows:

a. Rock quality designation, RQD (Deere et al. 1969).

b. Rock strength, unconfined compressive strength, psi, of
intact specimen.

C. Governing shear strength, psf (the material strength

that controls its behavior).

d. Saturated unit weight of soil or rock, pcf.

e. Soil angle of internal friction, PHI, undrained.

f. Soil cohesion, C, psf, undrained.

. Equivalent angle of internal friction, PHIEQ, for mate-

rials characterized by friction and cohesion.

h. Effective grain size, D1 0 , mm.

i. Groundwater elevation - average elevation of groundwater

table for each segment.

j. Sound rock elevation - the level below which the mate-
rial in a cut and cover tunnel can be removed only by

drill and blast methods.

k. Segment depth, ft, from average ground surface elevation

to average tunnel elevation.

1. Impervious layer elevation - elevation of clay layer be-
low which ground cannot be dewatered by pumping, or be-

low which ground is sound rock.

m. Permeability, cm/sec, for soft ground and cut and cover
segments.

n. Inflow, gpm, at the working face.
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o. Distance to disposal, miles from exit shaft.

Cost of disposal site, dollars per acre.

i. Rock or soil temperature, degrees Fahrenheit.

r. Air temperature, degrees Fahrenheit.

Design requirement factors

35. Required input factors are listed below with options under

the factors. The reader is again referred to the documentation report

for complete descriptions and definitions.

a. Tunnel or shaft type.

(1) Underground heading.

(2) Cut and cover.

b. Shape.

(1) Circle.

(2) Horseshoe.
(3) Baskethandle (shape similar to horseshoe but with

height approximately one-half that of same width

horseshoe).

(4) Square.

(5) Single-level cut and cover box.
(6) Double-level cut and cover box.

c. Size.

(1) Characteristic finished inside dimension. Limiting
tunnel and shaft sizes that may be run on COSTUN are

minimum 10-ft and maximum 40-ft finished diameters.

(2) Characteristic nominal excavation dimension.
(3) Characteristic nominal excavation dimension plus

overbreak.

d. Slope - tunnel slope up to 26 percent may be run on
COSTUN (There are limits on the use of certain muck
hauling methods for steep slopes; e.g., rail muck cars
cannot be used if the slope is greater than 5 percent.).

e. Hoisting height.

f. Reach length.

r. Side slope (for cut and cover tunnels).

h. Stability number - based on Terzaghi's Tunnelman's

Cround Classification System and stand-up time

(Terzaghi 1950).

Construction method factors

36. Site characteristics and design requirements strongly influ-

ence the choice of construction methods, but some latitude exists. All
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other things being equal, a contractor will choose methods with which he

is familiar and that allow maximum use of equipment presently owned.

Three of the factors listed below are required user input and three are

optional; if no value is input, COSTUN will calculate them or use a de-

fault value, as explained below.

a. Construction work week - optional. If no value is input
by the user, COSTUN uses a 6-day, 24-hr/day work week.

b. Soft ground stabilization method - optional. COSTUN
will select the most suitable option for particular
ground conditions if not input by the user.

c. Excavation method - required input. Options are conven-
tional (drill or blast), mole (tunnel boring machine),
cut and cover, hand excavation, and ripper excavation.
In soft ground, the use of a shield is assumed by COSTUN.

d. Muck transport method - required input. Options consid-
ered are conveyor, trucks, rail cars, and combinations
of conveyor and trucks. Limiting slope for- the use of
rail cars is + 5 percent; if used on steeper slopes,
they must be winched. Trucks cannot be used in com-
pressed air or in tunnels with height less than 16 ft.
Conveyors are permissible in all cases.

e. Advance rate - optional input. If not input by the user,
COSTUN will calculate for each segment based on advance
rate equations developed from previous jobs and equip-
ment manufacturer's specifications. Appropriate adjust-
ments are made, based on work hours, productivity loss
during start-up, or when changing methods or starting a
new segment or reach. Advance rate is one of the most
critical input factors affecting the final cost estimate
and should be considered carefully, whether calculated
by COSTUN or input by the user.

f. Lining and support - required input. Supports are de-
fined as the primary means of ensuring stability of the
excavation. Options include rockbolts, wire mesh and
shotcrete, steel sets and lagging, or segmental liners
made of steel, precast concrete, or cast iron for under-
ground headings. For cut and cover construction, slurry
walls or soldier piles and lagging may be used. Lining
is the secondary support. Its purpose is to protect the
primary support against deterioration, as well as to en-
hance hydraulic properties in water tunnels. In COSTIN,
the criteria presented by Deere et al. (1969) have L~en
adopted for support and lining design. If other crite-
ria are used in design, the COSTUN values might not con-
form to actual quantities and costs. Equations used by
COSTUN in selecting the support and the lining type and
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thickness are detailed in the text. Lining thickness
and type may be input directly by the user, if desired.

37. Some factors or operations that may vary in actual tunnel

construction were assumed constant based on accepted practice in 1970.

These factors are discussed in detail in the documentation report and

include:

a. Method and timing of lining erection.

b. Selection of specific equipment and production rates.

c. Range of conditions through which various methods are
applicable.

d. Shaft inflow control methods.

38. The tunnel program philosophy and general structure have

been presented. Actual user instructions for preparing a computer tun-

nel cost estimate using COSTUN are presented in Appendix A.

TCM - Tunnel Cost Model

39. The tunnel cost model (TCM) was developed in 1973 in its

first phase* by researchers in the Civil Engineering Department at

Massachusetts Institute of Technology (MIT) for the National Science

Foundation's RANN (Research Applied to National Needs) Program. Permis-

sion by Dr. Michael Markow, MIT, to summarize the project's development

is gratefully acknowledged. Complete documentation of the development,

applications, and user instructions is contained in a comprehensive se-

ries of MIT publications.

Program philosophy and

general characteristics

40. TCM is a rather large computer program, written in PL/I (IBM

Machine Language I), and is run on an IBM 370/168 at MIT. Reported stor-

age requirements range to 500K for the largest tunnel modeled. Subrou-

tines accompanying TCI require region sizes up to 600K in which to

compile.

* A more comprehensive version was developed by Moavenzadeh and Markow

(1978). Reported changes and improvements are discussed in this re-
port in the sections in which they apply.
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41. The "Summary Report" (Moavenzadeh et al. 1974a) states, "TCM

was developed in an attempt to improve the assessment of uncertainty in

rock tunnel cost estimates." All tunnel estimators try to assess risk

and uncertainty on a job; their method usually consists of comparing the

current job with similar previous ones, detailed assessment of plans and

specifications, and using their experience and intuition to make subjec-

tive judgments about job risks. The philosophy behind TCM was to pro-

vide a method to quantitatively assess the impact of each item of uncer-

tainty on costs and time. To achieve this goal, the model incorporates

probability and statistics concepts that allow the user to subjectively

specify the degree of confidence he has in each piece of input data.

For example, instead of drawing up one geologic profile with fixed val-

ues of strength, RQD, etc., for each rock unit, the user may supply sev-

eral possible values for each parameter used to describe a particular

rock unit, with corresponding subjective probabilities assigned to each

value. The computer model consists of three main components:

a. A geological submodel.

b. A tunnel simulator.

c. A construction submodel.

Geological submodel.

42. The geological submodel stores input data according to the

tunnel segment and rock unit. Unlike other computer models, more than

one rock unit or type may be assigned to each segment. Each rock unit

must be assigned a probability of occurrence. Typically, seven param-

eters may be used to describe each rock unit, such as rock type, major

defects, RQD, foliation, gas, water inflow, and compressive strength.

43. Fewer or more parameters may be used as the user sees fit to

describe the rock unit. This flexibility in segment and rock unit de-

scriptions is made possible through the use of "parameter trees," as

shown in Figure 1. Typical values, possible states, and construction

consequences are presented in Table 1 for parameters typically used to

form parameter trees.

44. In addition to the probabilistic states assigned to segments,

the physical boundaries of the segments within which these states are
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Figure 1. TGM parameter tree

25



valid must be identified in the input data. The process of defining seg-

ment limits and rock units within segments is interdependent. Regard-

less of the number of rock types possible within a segment, the sum of

the probabilities of occurrence of each unit must be 1.0. For the exam-

ple shown in Figure 1, the probability of encountering shale 1 in seg-

ment 1 is set at 0.2 and the probability of encountering sandstone 1 in

segment I is 0.8. In addition, the sun of the probabilities of the

right end nodes of each parameter tree must be 1.0. The extreme right

node probabilities of parameter trees are obtained by cumulative multi-

plication of the probabilities along each continuous branch. For exam-

ple, the probability of encountering shale 1 in segment 1 with no major

defects, medium RQD (30-70 percent), low inflow, and low strength is

given by

P(Shale 1) x P(No Defects) x P(Med RQD) x P(Low Inflow) x P(Low Strength)

which for the example in Figure 1 is

P = 0.2 (0.8 x 0.6 x 0.8 x 0.7)

= 0.2 (0.2688) = 0.0538

A new parameter tree must be created for each rock unit within the seg-

ment. In the simplified example shown, only two rock units were consid-

ered within segment 1; the most likely unit was sandstone with a proba-

bility of 0.8 and the least likely (P = 0.2) was shale. Thorough guide-

lines for forming segments and parameter trees are given by Vick (1974),

Moavenzadeh (1974b), and Reynoso (1976). The interested reader is re-

ferred to Benjamin and Cornell (1970) or Blum and Rosenblatt (1972) for

a more comprehensive treatment of probability and statistics for deci-

sion making.

45. Newv tunnel segments must be created when the user wishes to

change the set of geological states or associated probabilities of the

states. Segments may be independent, partially dependent, or completely

dependent. Complete independence is assigned to segments modeled with-

out consideration of rock types assigned in adjacent segments. Complete

dependence is assigned to segments whose parameter trees are totally de-

pendent on those of adjacent segments. The most general case, partial
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dependency, is modeled using Markov dependency tables. This case would

be appropriate for modeling the occurrence of a fault, for example,

where the user feels that if the fault is encountered in a given segment,

there is an increased (or decreased) likelihood of the fault extending

into the next segment. The interested reader is referred to Barucha-

Reid (1960) or Stark and Nicholls (1972) for the theoretical development

and applications of Markov processes. After assimilating the parameter

trees and Markov tables for segment relationships, the geological model

produces and stores a user-specified number of profiles to be used by

the tunnel simulator to produce estimates.

Construction submodel

46. This component calculates unit times and costs of each con-

struction operation modeled, based on supplied input values of construc-

tion variables. Major features and functions of the submodel are:

a. Scheduling procedure - to specify the number and loca-
tions of headings and timing of operations at each
heading.

b. Model of construction elements - to describe the excava-
tion, support, dewatering, probe drilling, and lining
cycles and interactions.

C. Construction method specification - to specify the meth-
ods to be used for particular geological conditions and
for each heading worked.

d. Construction parameter specification - to input unit
costs, times, productivity rates, and other related data.

e. Simulation routines - to compute cycle times and costs
for each geological condition considered.

Cycles are calculated for excavation, mucking, muck hauling, muck hoist-

ing, support installation, pumping, grouting, probe drilling, and lining.

Aboveground costs are not considered by the simulation routines. When

modeling multiple headings, construction operations are assumed to be

independent. This assumption is usually acceptable unless alternating

faces are worked from the same exit shaft or adit.* The model calcu-

lates approximate mobilization time and cost. It does not consider

*The latest version of TCN incorporates provisions for modeling alter-
nating headings more realistically.
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permanent pumping, ventilation, architectural finish, o,: roadways in its

cost simulation routines. The construction submodel d~oes not rely on

data files for unit costs or cycle times for any tunneling operations.

All data must be supplied by the user. The amount of detailed user in-

put is rather large. Much of these data could be assembled only by an

experienced estimator team. Owners or planners would quite likely have

problems supplying some of the required input. These data are assigned

values for worst case, best case, and expected case. In addition, the

distribution that describes the data may be normal, beta, or uniform.

After all user input has been assimilated, the construction submodel

computes cycle time and costs for each construction operation modeled.

Tunnel simulator

47. The tunnel simulator combines the profiles produced by the

geological submodel with the calculated cycle times and costs for each

geological state and construction method produced by the construction

submodel to calculate the total time and cost required to construct the

tunnel through each of these profiles. The results are plotted in a

scattergran such as Figure 2. It also produces a series of progress re-

ports showing detailed advance of tunnel operations at different times.

An optional file can be used to store individual simulations (each simu-

lation constitutes one tunnel estimate). The individual results can be

printed out and used in statistical analysis routines to calculate ex-

pected cost, standard deviation, etc.

User instructions

48. As mentioned earlier, TCM is a rather large and complex com-

puter program and requires a computer with large storage capacity. Be-

cause of its size and the fact that it is written in PL/I, it was con-

sidered impractical to adapt it to the WES computer system. The only

installation known to the author that currently has an operating version

is MIT, and TCM is operational on the IBM 370/168 at MIT. Computers

exist within the Corps and with contract vendors that could accommodate

the program. However, to convert the program to Fortran IV, the comput-

er language most familiar to noncomputer specialists, would essentially

require writing a new program patterned after TCM, which probably would
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not be as flexible and comprehensive as the MIT version. The interested

reader can secure a comprehensive user's manual (Reynoso 1975) from MIT.

Therefore, instructions for using TCM are not presented in this report.

Applications

49. The program developers reported the use of TCM to prepare

estimates of several tunnels (Minnot 1974 and Wyatt 1974). Normal prac-

tice was to perform several hundred simulations for each tunnel to cover

all situations. The scattergrams of costs and time were then statisti-

cally analyzed to yield the expected cost and time, worst and best cases,

etc. A detailed comparison of TCM estimates and actual costs was not

presented in the MIT series. However, for the Harold D. Roberts Tunnel

in Colorado, estimated advance rates varied significantly from actual

rates. These differences were attributed to discrepancies between actu-

al geology and model input describing geology (Wyatt 1974).

TM - Performance/Cost Tunneling Model

50. The performance/cost tunneling model (TM) was developed by

General Research Corporation for the Advanced Research Projects Agency!

Bureau of Mines program in rock mechanics and rapid excavation. Its de-

velopment and application are discussed by Pietrzak et al. (1972) and

Hibbard et al. (1971).

General philosophy

51. In general, the program philosophy lies somewhere between

COSTUN and TCM. COSTUN employs empirical equations based on regression

analysis of previous tunnel jobs to determine support requirements, de-

watering requirements, advance rates, etc. (There are provisions for

the user to override the calculated values by supplying parameter values

he thinks are more appropriate). Also, COSTUN employs a fixed geology

model. The TCM program models uncertainty in its geology and construc-

tion submodels. All variable parameters affecting tunnel construction

must be input by the user. In addition, the user must supply subjective

probability of the occurrence of each variable state modeled.
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I
Geology submodel

52. TM employs a user specified geology model (uncertainty is

not accounted for) similar to COSTUN, with the added capability of mod-

eling geology in three dimensions or using familiar 2-D profiles. The

geology model does not consider soil profiles or mixed face. For each

rock stratum, the model generates a file of material properties includ-

ing density, RQD, abrasiveness, unconfined compressive strength, water

inflow, and rock temperature. Parameter values are supplied by the user

for each tunnel segment.

Tunneling submodel

53. The tunneling submodel simulates construction operations and

conditions. The model can simulate various full-face rock excavation

methods, including innovative techniques, but must he supplied with very

detailed input to describe all relevant parameters. Soft ground, cut

and cover, and mixed face cannot be simulated by TM. Likewise, shafts,

portals, adits, and aboveground costs are not considered. Permanent

pumping, roadbed or track, permanent lighting, and other architectural

finish items are also omitted from consideration. Advance rates are

computed using preprogrammed empirical relationships developed from a

study of case histories. Construction progress reports are printed dur-

ing simulation at user-specified time intervals. These status reports

could be valuable aids for monitoring progress and costs and correcting

problems as they occur. Information printed out includes heading posi-

tion, elapsed time, average advance rate, availability, and utilization

factors for each construction operation (excavation, support, dewatering,

etc.).

Cost submodel

54. The cost submodel uses the input unit cost values for labor,

materials, and equipment, the calculated quantities, advance rates, sup-

port requirements, dewatering and air conditioning requirements, etc.,

to calculate and tabulate costs accrued for each tunnel increment (mea-

sured in time, not distance). Profit and overhead, which are input by

the user, are added to the costs. Cost status reports are printed for

the same time intervals as the performance reports, including the cost

and time of the completed tunnel.
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Applications

55. The developers of this model report good correlation of cal-

culated and actual values of advance rate, total time of construction,

and cost for the Layout Tunnel. This tunnel, built in 1971-72 as part

of the U. S. Bureau of Reclamation (USBIJREC) Strawberry Aqueduct System,

is approximately 3-1/4 miles long and 13 ft in diameter. It was moled

through hard sandstone and conglomerate. The model is well suited for

comparison of alternatives, but its use for detailed estimates is ham-

pered because of the large storage requirements and detailed and exten-

sive input data requirements.

TSC/FMA - Transportation Systems Center/Foster Miller Associates Model

56. The Transportation Systems Center/Foster Miller Associates

(TSC/FMA) computer model was developed in 1979 through a cooperative

effort of the Underground Technology Development Corporation and SKNEi

Company, under the sponsorship of the Urban Mass Transportation Admin-

istration (UNTA), United States Department of Transportation (USDOT).

Complete documentation of the development and application of the model

is contained in a report by Foster et al. (1979). Copies are available

from the National Technical Information Service, Springfield, Virginia.

General philosophy

57. The program is run on a Wang Model 2200 computer. Data

files are stored on discs. The model consists of two main data bases

and supporting computations. Data Bank 1 contains factors that describe

the amount of effort required to accomplish each unit operation. Data

Unit effort data were developed from analysis of 20 soft ground transit

tunnels built in the United States in the last 10 years. The model is

applicable to soft ground transportation tunnels and stations. Base or

reference unit cost data reflect conditions prevailing in Washington,

D.C., in January 1976. Costs for other times or regions may be adjusted '
using inflation factors similar to the method used with COSTUN, or the
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actual unit costs may be determined and used in Data Bank 2. Only exca-

vation and lining for soft ground transit tunnels are considered in the

present version, although the developers report that it will be revised

to make it more comprehensive as data on other operations are developed.

Applications

58. The model has been used on three sections of the Washington

Metropolitan Area Transit Authority (WMATA) subway system. Section 1

consisted of 5393 ft of concrete-lined tunnel driven through moderate

ground requiring some stabilization, an 800- by 75-ft station, and four

vent and fan structures. The section actually analyzed was 2996 ft of

tunnel, excavated by a backhoe digger arm under a shield. The actual

construction costs were $5,837,000. The FMA estimate was $6,345,000, or

8.7 percent above actual cost. For the tunnel only, actual costs were

$4,445,000, and the model estimate was $4,332,000, or 2.5 percent below

actual cost.

59. Section 2, consisting of 8820 ft of tunnel, was driven

through difficult ground and passed beneath several bridge piers and

abutments. Excavation was accomplished by a backhoe digger arm under a

shield. Steel segments served as both primary support and final liming.

The actual project costs were $33,373,000 for those items considered by

the model, which estimated the costs at $31,017,000, or 7.1 percent lower.

For tunnel excavation, lining, backfill, and grouting, the actual costs

were $25,721,000, and the model estimate was $24,648,000, or 4.2 percent

lower.

60. Section 3 comprised 8115 ft of concrete-lined tunnel, an 800-

by 75-ft cut-and-cover station, and six vent and fan structures. The

section actually analyzed was 3803 ft long. Excavation was accomplished

with a wheel excavator through good soft ground. Support was provided

by expanded ring beams and wood lagging. The actual cost for the ana-

lyzed section was $6,443,000, and the model estimate was $6,731,000,

or 4.5 percent higher. For tunnel costs only, the actual cost was

$4,603,000, and the model estimate was $5,044,000, or 9.6 percent higher.

61. These results indicate that for its intended applications,

the model provides estimates that are within 10 percent of actual costs,
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provided theru are good definitions of geology, excavation methods, and

support requirements.

UJser instructions

62. Complete instructions for using the TSC/FMA model are avail-

able from the Transportation Systems Center, Department of Transporta-

tion, Cambridge, Massachusetts. Therefore, instructions are not repeat-

ed in this report.

Comparison of Computer Models, Cost Curves, and Manual Estimates

b3. The investigation of the steps involved in estimating tunnel

costs using all the methods described above clearly indicated that there

is no one best method for all purposes. The choice of method must be

based on the end use of the estimate. Detailed manual estimates for fi-

nal design, contract documents, and contractor bids are probably here to

stay. Cost curves or unit cost estimates may be useful for preliminary

estimates and comparison of alternatives. Computer models may be used

to good advantage for preliminary planning estimates, evaluation of al-

-rnatives, checks on manual estimates, and monitoring progress. Table2

presents the relative advantages of the four models investigated during

this project. One of the objectives of the project was to develop or

adapt cost-estimating aids that planners not intimately familiar with

tunneling could use. All things considered, COSTEJN meets these criteria

better than any of the other models studied. Therefore, it was selected

for in-depth analysis, using collected tunnel case histories.
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PART Ill: ANALYSIS OF CASE HISTORIES

b4. One of the problems in this study was obtaining case histo-

ries of tunnels with sufficient information to: (a) allow a meaningful

comparison of the reliability of manually prepared cost estirates with

those generated by the computer program COSTUN, (b) allow a meaningful

comparison of estimated and as-built costs, and (c) identify the fictors

responsible for overruns between estimated and as-built costs. After

much studying and then discarding of several cases where complete docu-

mentation was unavailable, three tunnels were chosen that had good docu-

mentation of geology, design, construction methods, and estimates. The

following paragraphs present brief descriptions of each tunnel, followed

by an analysis of estimated and as-built costs and factors responsible

for the differences between the two.

Nast Tunnel

65. Nast Tunnel was the first tunnel in the United States to be

driven through granite with a boring machine (Larson 1975). Moles were

thought to be unsuitable for hard rock tunnels prior to this job because

of high cutter bit replacement costs. Indeed, on this job cutter bit

costs amounted to over $1,200,000 on a winning bid price of approximate-

ly $6,800,000. Nast Tunnel is a 15,653-ft-long, 10-ft-diaw water tunnel

that was designed by the USBUREC and built between 1970 and 1973 in Pit-

kin County, Colorado. On this job contractors were allowed to bid on a

drill and blast schedule and an alternative mole-driven tunnel option.

Nine bids were received, six on the drill and blast schodule and three

on the mole schedule. The winning contractor bid about the same amount

on both options. The award was made for the schedule usinQ the boring

machine, and a Memorandum of Understanding was executed that permitted

the contractor to change from mole driven to drill and blast at his op-

tion. Approximately 85 percent of the tunnel was moled; 15 percent was

conventionally driven through reaches of poor quality rock.
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66. All information used to develop and compare cost estimates

of Nast Tunnel was provided hy the USBUREC Engineering and Research Cen-

ter, Denver, Colorado. Their cooperation is gratefully acknowledged.

Table 3 summarizes the cost estimates prepared by the engineer, various

contractors, and the COSTUN computer model. All identifiable costs not

considered by the computer model were subtracted from the total bids so

that a meaningful coanparison could be made. Engineer estimate 1 and con-

tractor bids 1-6 were for the conventional or drill and blast excavation

schedule. Engineer -stimate 2 and contractor bids 7-9 were for the mole

excavation schedule. Contractor bids I and 7 were submitted by the same

contractor, and the bid price for either option was about the same.

Furthermore, when all schedule items were included, the bid prices were

identical for both options. This contractor was awarded the contract,

although one other bid, No. 8 in Table 3, was apparently lower. How-

ever, when the excluded costs were added back, this bid was higher than

the winning bid. The winning bid was approximately 33 percent higher

than the engineer estimate for either excavation option. The highest

bid was nearly double the engineer estimate. There was a 45 percent

spread between the winning and the highest bid.

67. COSTUN estimates 1-9 were prepared using information avail-

able at bid time. COSTUN estimate 1 represents the estimated construc-

tion cost for the most likely tunneling conditions, using mole excava-

tion when feasible and drill and blast excavation in poor rock zones and

near the inlet and outlet portals. The support and lining types and

amounts used for this estimate were those called for in the plans and

specifications. The total estimated tunnel costs for this run were

$7,089,000, or 5 percent above the winning bid of $6,763,000 and 38 per-

cent above the engineer estimate. COSTUN estimates 2-9 could be called

"what if" estimates, in that the major input factors believed to affect

construction costs were individually examined while holding all other

variables constant at the expected value. Pessimistic and optimistic

values were assigned to each of the major variables for each tunnel seg-

ment and reach. Some of these estimates reflected genuine uncertainty

while others were used to test the sensitivity of costs to changes in a
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specific variable. For example, runs 2 and 3 were made to determine the

construction cost impact of varying rock strength. The actual rock

strengths were known within reasonable limits from lab tests and empiri-

cal correlations, but studies have shown that stand-up time, advance

rate, mole cutter bit wear, drill steel life, etc., are at least par-

tially dependent on rock strength, among other things.

68. In run 2, the rock strengths input were 25 percent higher

than expected strengths. For most types of structures, an increase in

strengths is welcomed, but not necessarily for tunnel excavation. High-

er strengths are associated with the harder crystalline rocks that are

more abrasive. The results are higher cutter bit wear, more drill steel

breakage, and overall slower advance rate, leading to increased costs.

For this tunnel, the estimated consequences were nearly $500,000 (6 per-

cent) and 100 working days (10 percent) over the estimate for most like-

ly conditions. Run 3, which used strengths 25 percent lower than expec-

ted, resulted in estimated cost and time savings of $450,000 (6 percent)

and 102 working days (10 percent) less than the estimate for most likely

conditions.

69. The impact of variation in rock qualit) was assessed in

runs 4 and 5. These runs reflected genuine uncertaint in the expected

rock joint frequency, joint conditions, and dcgree of weathering for

which the borehole data were lacking. In fact, change order No. 8,

which provided for additional payment to the contractor of $767,000, was

directly related to the occurrence of a major shear zone approximately

1700 ft long, which had not been detected by surface napping or borings.

The tunnel boring machine had to be moved back and the heading was ad-

vanced through this reach by the drill and blast method, using closely

spaced heavy steel sets for support. In run 4, pessimistic values of

RQD, approximately 33 percent lower than the expected values, were used.

Estimated construction time increased 22 percent to 1203 days, or

218 days more than the expected time of 985 days. Estimated costs rose

to $8,264,000, or 17 percent above the $7,089,000 expected cost. In

run 5, RQD values 33 percent higher than expected were input. The esti-

mated cost reduction was $718,000 (10 percent), while the time was cut

12 percent to 865 days.
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70. In runs 6 and 7, the cost/time impact of reducing and in-

creasing, respectively, the lining thickness by 30 percent of the design

value was assessed. The specification of lining thickness is of major

importance to the cost of a tunnel. The quantity of concrete that must

be placed obviously increases for conservative (thicker) lining specifi-

cations. Additional cost and time penalties occur because the volume of

rock that must be excavated increases proportionately. The larger the

tunnel diameter and length, the more serious are the consequences. Com-

pounding this problem is the lack of understanding of interaction be-

tween rock load and deformation and transfer of the load to the lining

and support.

71. For a reduction of 30 percent in lining thickness (run 6),

estimated costs were reduced by $527,000 (7 percent), and construction

time was reduced by 30 days (3 percent) over the length of the tunnel.

This reduction represents a $33/ft saving over the design lining thick-

ness. A 30 percent increase in lining thickness (run 7) resulted in a

7 percent ($484,000) increase in cost and a 2 percent (24 days) increase

in construction time.

72. Computer estimates 8 and 9 were made to study the impact of

rock temperature in the tunnel. As expected, the results of these runs

indicated that for the range of temperatures expected in Nast Tunnel,

there was no effect on cost. In deep tunnels with higher temperatures,

the cost of ventilation and air conditioning increases, but for shallow

tunnels, such as Nast, thre seems to be no effect.

73. The final cost for Nast Tunnel was $7,473,000, including

change orders for differing site conditions and other unforeseen prob-

lems. This sum excludes those costs not considered by COSTUN, such as

access roads, drainage ditches, the Fryingpan Conduit, and the Granite

Adit portion of the job. Granite Adit is a 10-ft-diam, 777-ft-long

tunnel intersecting Nast Tunnel about 4000 ft from the inlet portal.

Its purpose was to convey water from Granite Creek to Nast Tunnel.

During construction, it was used as an exit for muck hauling and dispos-

al for the reaches of tunnel adjacent to it. Fryingpan Conduit is a

1500-ft-long conduit constructed of 7-ft-diam precast concrete pipe,
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connecting Nast Tunnel at the outlet portal to Boustead Tunnel's inlet

portal, which is a diversion tunnel through the Continental Divide.

74. The COSTUN as-built estimate totalled $7,691,000, or 3 per-

cent above the actual cost. The changes made between the COSTUN precon-

struction estimate using most likely conditions and the COSTUN as-built

estimate included the allowance for the 1700-ft shear zone and a smaller

shear zone approximately 300 ft long, both of which caused a change from

mole excavation to the drill and blast method. In addition, one segment

approximately 4000 ft long that ran under a small lake experienced minor

water inflows, but the resulting cost increase was insignificant.

75. Table 4 contains a breakdown of COSTUN estimates 1-9 and the

as-built estimate for labor, equipment, and materials components and the

totals. Also shown is the total time required for construction of the

tunnel for each estimate. Labor was the major cost component for this

job and most tunnels, accounting for two thirds of the total for all

estimates. Equipment and materials were nearly equal, averaging 16 and

17 percent, respectively, of the totals. Foster et al. (1979) indicate

that a breakdown of 40 percent for labor, 40 percent for materials, and

20 percent for equipment is reasonable. Because tunnel jobs vary so

widely in nearly all aspects, no significance should be attached to these

figures for tunnels in general. The engineer estimates and contractor

bids were not itemized for labor, equipment, and materials, so there is

no basis for comparison of COSTUN figures except for the totals shown in

Table 3. These figures show that the COSTUN best estimate of actual con-

ditions was 5 percent above the winning bid. The COSTUN as-built

estimate was 3 percent higher than the actual cost. These figures indi-

cate very good correlation, but they do not give the total picture. The

multitude of factors used to arrive at the estimated totals may or may

not represent actual conditions. For example, the profit and overhead

factors represent a combined 30 percent of the totals in the estimates.

The actual profit and overhead, as well as the figures used in the bid,

are unknown. Therefore, the reader is cautioned that although the over-

all accuracy of the estimates looks good, the accuracy of individual fac-

tors may not have been as good. The self-cancelling nature of random er-

rors in these factors could still result in a balanced total estimate.
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Buckskin Mountains Tunnel

76. Buckskin Mountains Tunnel, a 6.8-mile-long, 22-ft-diam

irrigation tunnel, was designed by USBUREC and built near Parker, Ari-

zona, as part of the Central Arizona Project. Prospective bidders were

allowed to bid on three alternatives: (a) a 19-ft 6-in.-diam, drill and

blast horseshoe-shaped tunnel; (b) a 20-ft-diam, circular-moled tunnel

with cast-in-place concrete lining; and (c) a 22-ft-diam, circular-moled

tunnel with a precast concrete segmental lining. The award was made for

the 22-ft-diam tunnel, and construction began in 1975. The tunnel was

holed through in May 1979, but final cleanup has not been completed at

the time of this report. A Robbins mole was used for the entire length,

except for approximately 100 ft at each portal excavated by drill and

blast. The tunnel support and lining consist of 6-in.-thick precast

concrete segments, installed just behind the mole. The tunnel was driv-

en through competent andesite, but some blocky conglomerate was encoun-

tered that slowed progress. A $6-million changed conditions claim con-

cerning this blocky zone is still pending and may add to its $60-million

expected total cost.

77. Information used to develop and compare COSTUN estimates for

Buckskin Mountains Tunnel was obtained from three sources: (a) the

USBUREC Engineering and Research Center, Denver, Colorado, provided ge-

ology reports; (b) the U. S. Army Engineer District, Kansas City, loaned

a set of job specifications, including engineer estimates and contractor

bids; and (c) the personnel of the resident engineer's office, USBUREC,

Parker, Arizona, provided other useful information. Table 5 summarizes

the cost estimates prepared by the engineer, various contractors, and

the COSTUN computer model. All identifiable costs not considered by the

computer model were subtracted from the contractor bids and engineer es-

timates for the sake of comparison.

78. Engineer estimate 1, COSTUN estimate 1, and contractor bid 1

were for the 19-ft 6-in.-diam horseshoe-shaped tunnel on the drill and

blast schedule. The engineer estimate for this option was $53,991,000,

as compared with $51,641,000 for the COSTUN estimate and $65,513,000 for
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the lone contractor bid on this option. Engineer estimate 2 ($47,441,000),

COSTUN estimate 2 ($53,841,000), and contractor bid 2 ($71,208,000)

were for the 20-ft-diam moled tunnel option with cast-in-place concrete

lining. Both of the above options show a rather wide spread (27 and

50 percent, respectively), although the engineer and COSTUN estimates

are within 5 and 13 percent of each other.

79. Engineer estimate 3, contractor bids 3-5, and COSTUN

estimates 3-9 are for the 22-ft-diam moled tunnel with precast concrete

segmental lining. COSTUN estimate 3 of $59,959,000 represents the esti-

mated cost for the most likely conditions known at bid time, which is

27 percent higher than the engineer estimate of $47,257,000 and 33 per-

cent higher than the winning contractor bid of $44,940,000. The highest

bid of $63,493,000 was 41 percent higher than the winning bid, 34 per-

cent higher than the engineer estimate, and 6 percent higher than the

COSTUN estimate. The winning bid was 5 percent lower than the engineer

estimate. At first glance, the COSTUN estimate seems to be far too high.

However, the as-built cost of the tunnel was reported as approximately

$60 million, which lends more credence to the COSTUN estimate.

80. COSTUN estimates 4-9 were used to check the cost impact of

varying input parameters, one at a time, over a range of values. For an

increase of 15 percent over the most likely RQD values (COSTUN estimate 4),

the estimated cost was reduced to $52,287,000, or 13 percent below the

estimate for most likely conditions. A 15 percent decrease in RQD val-

ues in COSTUN estimate 5 produced an expected cost of $75,130,000, or

25 percent higher than the $59,959,000 expected cost for most likely

conditions. In COSTUN estimates 6 and 7, the unconfined compressive

(UC) strengths were increased and decreased 25 percent, respectively,

from the most likely values. The resulting costs were $72,054,000 for a

25 percent increase in UC strengths (20 percent above the $59,959,000

for most likely conditions) and $49,581,000 for a 25 percent decrease in

UC strengths (17 percent below the expected cost for most likely condi-

tions). The lining thickness was increased 33 percent in COSTUN estimate 8

over the actual lining thickness used in construction (6 in.) and was in-

creased to 10 in. (67 percent) in COSTUN estimate 9. These runs produced
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estimates of $61,373,000, -r 2.4 percent above the total cost for the

actual lining thickness used, and $62,826,000, or 4.8 percent higher,

respectively. The increase in cost per linear foot of tunnel over the

actual lining thickness amounted to $39 and $41, respectively, on a base

cost of $1670/ft.

81. The as-built cost of Buckskin Mountains Tunnel was reported

as $60 million in round figurces. The COSTUN estimate representing con-

ditions known at the end of construction totalled $61,474,000, or

2.5 percent above the actual cost. However, as mentioned earlier, a

$6-million claim for changed conditions is pending and may add to the

total cost. Even if the entire $6 million is awarded to the contractor,

the COSTUN estimate would be only 7 percent below total cost. Thus, the

COSTUN as-built estimate falls within the range of accuracy of -7 to

+2.5 percent. Again, although the overall accuracy of the total cost

figures looks good, the accuracy of individual components may not be as

good. For example, the engineer estimate for excavation in the tunnel

was $29,589,840, while the COSTUN estimate for this work was $38,495,000,

or 30 percent higher. This difference is consistent with the overall

spread between the engineer and the COSTUN estimate of 27 percent, cited

earlier. However, the engineer estimate for furnishing and installing

the segmental lining was $16,972,000, while the COSTUN estimate was

$17,267,445, or 1.7 percent higher. These component costs compare fa-

vorably, but the 27 percent spread between the estimated totals is not

reflected. Obviously, the difference had to be greater among the re-

maining component costs in order for the total 27 percent difference to

be achieved.

82. Table 6 presents the breakdown of estimated costs for labor,

equipment, and materials and the estimated time for construction of the

tunnel for COSTTJN estimates 1-9 and the COSTUN as-built estimate. The

average cost of labor amounted to 60 percent of the total, while the

equipment accounted for 22 percent and materials accounted for the re-

maining 18 percent for the 10 estimates.

83. The estimated time required to complete the tunnel ranged

from 2475 to 4095 days for the three options under most likely conditions.

42



These figures contrast sharply with the allotted contract time of

1800 days, which the contractor met. The reasons for this discrepancy

in estimated times could not be determined. Again, this case shows that

even when the estimated totals agree closely, there can still be large

differences in some factors or components. It is interesting to note

that the least expensive alternative according to the COSTUN estimates

was the 19-ft 6-in.-diam, horseshoe-shaped drill and blast option at

$51,641,000, while the 20-ft-diam, circular-moled tunnel was second at

$53,841,000 and the 22-ft-diam moled tunnel was the most expensive at

$59,959,000. The engineer estimates are exactly reversed, with the

22-ft-diam tunnel the least expensive and the 19-ft 6-in.-diam tunnel

the most expensive tunnel option.

Park River Tunnel

84. Park River Tunnel is a 22-ft-finished-diam, 9095-ft-long

Corps of Engineers tunnel, that is located approximately 150 ft below

street level in Hartford, Connecticut, and was designed to convey flood

flows of the Park River to the Connecticut River. It passes through

sandstone and shale, most of which is of good quality. One shear zone

approximately 270 ft long was encountered, as predicted by exploratory

borings. Prospective bidders were allowed to bid three alternatives for

driving the tunnel: drill and blast excavation with a cast-in-place

concrete lining, mole excavation with cast-in-place concrete lining, and

mole excavation with a precast segmental crete lining. The award was

made for the mole-driven tunnel with precast segmental concrete lining.

Construction began in 1977, and the tunnel was holed through in July

1980. Approximately 150 ft near the outlet portal was excavated by

drill and blast for a staging area for the mole, as well as approximate-

ly 270 ft of shear zone.

85. Information used to develop and compare COSTUN estimates for

Park River Tunnel was furnished by personnel of the U. S. Army Engineer

Division, New England. Table 7 summarizes the cost estimates and bids.

Table 8 presents a breakdown or the various COSTUN estimates for labor,
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equipment, materials, and time required to build the tunnel. In addi-

tion to the data used for comparison on the two tunnels previously dis-

cussed, the estimated costs are also displayed for the two shafts asso-

ciated with this project (Table 7). As with the other tunnels, all

identifiable costs not considered by the COSTUN model were subtracted

from the engineer estimates and contractor bids for a meaningful

comparison.

86. Engineer estimate 1, contractor bid 1, and COSTUN estimate 10

are for the drill and blast option. The engineer estimate for tunnel

construction was $20,916,000, as compared with the contractor bid of

$24,885,000 and the COSTUN estimate of $19,476,000. For the inlet

shaft, the engineer estimate was $770,000, the COSTUN estimate $1,971,000,

and the contractor bid $1,800,000; for the outlet shaft, the engineer

estimate was $1,100,000, the GOSTUN estimate $1,981,000, and the con-

tractor bid $3,000,000. The total project was estinated to cost

$22,786,000 by the engineer, $23,428,000 by the COSTUN model, and

$29,685,000 by the contractor (a spread of 30 percent).

87. Engineer estimate 2, contractor bid 2, and COSTUN estimate 11

are for the mole excavation schedule with cast-in-place lining. The en-

gineer estimates and COSTUN estimates for the inlet and outlet shafts

were unchanged, while the contractor bids were $3,500,000 for the inlet

and $3,000,000 for the outlet shaft. The tunnel construction was esti-

mated at $17,977,000 by the engineer, and $16,785,000 by COSTUN, as con-

pared with the contractor bid of $14,096,000. Since the contractor bids

for the shafts were much higher than either estimate and the bid for

tunnel construction was much lower, this imbalance might have been a

strategy to increase early cash flow. The estimates and bids for the

total project were $19,847,000 by the engineer, $20,737,000 by the

COSTUN model, and $20,596,000 by the contractor (a spread of just

4.5 percent).

88. The contractor awarded the job on the mole excavation sched-

ule with precast lining bid $17,329,000 on the project (contractor bid 3).

The bid was 3.7 percent lower than engineer estimate 3 of $17,993,000 and

5.8 percent lower than COSTUN estimate 1 of $18,405,000. Again, the
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contractor bids for tunnel, inlet, and outlet shafts appear to be unbal-

anced. For the outlet shaft, from which tunnel excavation proceeded,

the contractor bid was $4,000,000, while the engineer and COSTUN esti-

mates were $1,100,000 and $1,981,000, respectively. This trend is ap-

parent in every contractor bid on the project, so a comparison of the

shafts and tunnel items separately is not meaningful. Only the total

project estimates are compared. The next lowest bid of $17,360,000 was

3.5 percent lower than the engineer estimate. The highest bid of

$50,310,000 was 280 pircent of the engineer estimate. The bid spread

was nearly $33,000,000, almost double the winning bid.

89. COSTUN estimates 2-9 were made to test the cost impact of

varying rock properties and design lining thicknesses in the tunnel.

Shaft properties and costs were held constant. In runs 2 and 3, the RQD

values were increased 15 and 30 percent, respectively, over the most

likely values. For the 15 percent increase in RQD, the estimated cost

of the tunnel decreased to $13,555,000, or 6.2 percent lower than the

$14,453,000 expected cost. The 30 percent increase in RQD resulted in a

calculated 9.7 percent reduction to $13,055,000. Estimated time savings

were 34 days (5.6 percent) in run 2 and 53 days (8.7 percent) in run 3.

RQD values were decreased in runs 4 and 5 by 15 percent and 30 percent,

respectively. The resulting increases in costs were 9.7 percent to

$15,851,000 for the 15 percent decrease in RQD and 34.3 percent to

$19,406,000 for the 30 percent decrease. Estimated time penalties were

53 days (8.7 percent) in run 4 and 186 days (30.4 percent) in run 5. In

runs 6 and 7, the UC strengths were increased and decreased by 15 percent,

respectively. Run 6 produced an estimated cost of $15,543,000, or

7.5 percent higher than the expected cost, while the 15 nercent decrease

in UC strengths in run 7 resulted in a 7.5 percent decrease in cost to

$13,360,000. The estimated time penalty for the 15 percent increase in

UG strengths was 40 days (6.5 percent) in run 6, and the estimated time

savings attributed to a 15 percent reduction in UC strengths was 39 days

(6.4 percent) in run 7.

90. Runs 8 and 9 were made to assess the cost impact of in-

creasing the thickness of the precast concrete segments from 9 to 12 in.
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in run 8 and to 15 in. in run 9, amounting to increases of 33 percent and

67 percent, respectively, over the design value of 9 in. The cost pen-

alty was $650,000, or 4.5 percent, for the 12-in, liner and $1,390,000,

or 9.6 percent, for the 15-in, liner. The time penalties were 7 days in

run 8 (1 percent) and 13 days (2 percent) in run 9 over the expected time

of 611 days for the design lining thickness.

91. The COSTUN as-built estimate is identical with the estimate

for most likely conditions known at bid time. There were no big sur-

prises in constructing this tunnel, except for some difficulties encoun-

tered during construction of the outlet shaft. Because the tunnel has

only recently been completed, final as-built costs were not available

but are expected to be around $23,000,000. If this estimate is correct,

the COSTUN and engineer estimates are 20 and 22 percent, respectively,

below the final costs.

92. Table 8 presents a breakdown of COSTUN estimates for labor,

equipment, materials, and time required to build Park River Tunnel.

Labor costs accounted for approximately 65 percent, equipment 19 per-

cent, and materials 16 percent of the estimated total cost.
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PART IV: SUMMARY AND CONCLUSIONS

92. The two basic methods for preparing tunnel estimates are:

(a) a simulation of actual construction operations in which amounts and

types of equipment and materials needed are estimated, crew productivity

rates are estimated, the rates of material and labor usage and tunnel

advance are set down, and a total estimated cost is computed; and (b) a

comparison with similar tunnels in which the unit costs of major con-

struction components, such as excavation, muck hauling, support and lin-

ing, and pumping are determined and applied, with or without adjustments

for inflation and other factors to the present tunnel, for which the

quantities of each component have been computed. Either of these meth-

ods may be performed manually or with a computer. The first approach,

actual simulation, is more difficult, time-consuming, and accurate. The

second approach, the unit cost method, is much easier to use and gives

fair results, especially for preliminary estimates or comparison of

alternatives.

93. Over the past decade, several computer models have been de-

veloped for estimating tunnel costs. The USDOT has provided the primary

support for these efforts, and consequently, most of the models were de-

veloped for transportation tunnels (railroad, motor vehicle, and rapid

transit).

94. Of the four computer models investigated, COSTUN satisfied

more completely program objectives for a flexible, easy to use model

that can be used by persons lacking an extensive background in tunneling

and cost estimating. It has a wide range of applications, including

rock, soft ground, and cut-and-cover tunnels, and considers various com-

binations of conditions and tunnel-driving methods. It also has several

well-recognized shortcomings; e.g., aboveground costs are not considered,

risk and uncertainty are not treated explicitly, cost equations are based

on average costs for tunnels in Chicago in 1969, and method and equipment

selection is based on standard practice (circa 1970).

95. Manual estimates and bid preparation will continue as the

"tried and true" method for making final estimates. Computer models are
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best suited for preliminary estimates, evaluation of alternatives, and

checks on manual estimates.

96. The COSTUN model was evaluated using three completed tunnels

for which good documentation of geology, construction methods, design,

and cost data were available. All three tunnels were driven through

rock, and consequently, the model's reliability for estimating costs of

soft ground and cut-and-cover tunnels was not verified. For two of the

three rock tunnels, COSTUN estimates were within 6 percent of the win-

ning contractor bids and within 7 percent of the actual costs. These

figures indicate very good overall accuracy of the model for rock tunnels.

However, the accuracy of individual component costs estimated by COSTUN

may vary over a wider range. It is difficult to test the validity of

these component estimates for two reasons:

a. Contractor bids are often unbalanced to improve early
cash flow. Therefore, construction costs may be over-
estimated for components used during the early stages of
the project and underestimated for components used dur-
ing latter stages.

b. Final, as-built costs are usually reported as a lump sun
or with only limited itemization, precluding an item by
item comparison.

97. For the three tunnels studied, a variation in rock UC

strengths of + 25 percent resulted in estimated cost savings of 6 to

17 percent for a 25 percent reduction in strengths and estimated cost

increases of 6 to 20 percent for a 25 percent increase in strengths.

The cost impact from a variation in strengths probably depends on the

expected strengths more than any other factor. For example, if very low

strengths were expected, an increase in strengths might result in a de-

crease in costs; however, for the tunnels studied, which were built in

rock with moderate to high expected strengths, the reverse was true.

98. The estimated co~st impact of varying RQD over a + 33 percent

range was a 17 to 24 percent increase in cost for a 33 percent decrease

in RQD and about a 10 percent decrease in cost for a 33 percent increase

in RQD. Again the cost impact probably depends on the expected RQD val-

ues more than any other factor. For example, if the expected RQD values

were low, a 33 percent decrease might make tunnel excavation much more
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expensive than the impact of a 33 percent reduction in high RQD values

for another tunnel.

99. The savings that can be achieved through less conservative

lining thickness can be quite significant. For example, 3 in. added to

the precast concrete segments specified for the 22-ft-diam Park River

Tunnel would have added an estimated $650,000 to the copt, or about

$72/ft of tunnel. Similar effects were observed in estimates for the

other two tunnels, though to a proportionally lesser scale in the l0-ft-

diam Nast Tunnel.

100. In slopes and foundations, back analyses can provide knowl-

edge of the actual strengths at failure and yield valuable data for fu-

ture designs. However, with tunnels there is little historical perspec-

tive for altering design methods. Tunnel failures are rare; many have

been in service for over 100 years. We know what has been successful in

the past, but we do not know how conservative our empirical designs are.

Much research has been and is being directed toward this problem. Tun-

nel experts generally admit that currently available analytical methods

outstrip our ability to provide reliable input values for the variables

needed for solution. Hopefully, this continued effort will lead to bet-

ter understanding and more economical designs for support and lining.
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Table I

Explanation of Typical Geological Parameters
Used to Form Parameter Trees

(TCM)

I tern Explanation

1. Rock Type Left end node. One parameter tree must
be created for each geological unit or
rock type to be modeled. Rock type or
lithology is used mainly to categorize
engineering properties of materials.
Main effect on tunneling is rate of
drill bit or cutter wear associated with
different rock types.

2. Major Defects First branch of parameter tree. De-
scribes faults (RQD = 0 by definition),
clay seams, or for limestone and dolo-
mites, solution cavities.

3. Jointing, RQD Second branch of parameter tree. Ex-
pressed as high (70-100), medium (30-70),
or low (0-30) to describe relative con-
dition of rock. Helps in prediction of
tunnel support requirements.

4. Foliation Third branch of tree. Used for metamor-
phic units. When used for sedimentary
rocks, refers to bedding.

5. Gas Fourth branch of tree. Probabilities
assigned to existence or nonexistence of
gas. No quantitative estimate is made.

6. Water Inflow Fifth branch of tree. Probabilities as-
signed to high and low inflow; no numer-
ical values assigned to inflow rate.
May be dependent on jointing and defects
to some extent.

7. Compressive Strength Sixth branch of tree. Probabilities of
strength being very high (>32000 psi),
high (16000-32000 psi), medium (8000-
16000), or low (0-8000) are assigned.
Used to assist evaluation of bit and
cutter wear, advance rates, blast
weights and spacings, and support
requirements.
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Table 3

Nast Tunnel Cost Estimates

Owner: USBUREC
Built: 1970-1973
Length: Design length - 15,653 ft; as-built length - 15,740 ft.
Diameter: Finished - 10 ft
Shape: Circular and horseshoe
General geology: Competent granite, porphyry, some crushed zones

Construction Estimates

Total Cost
Estimate No. millions $ Cost, $/ft Comments

Engineer 1 5.103 326 1. Engineer estimate 1 and Con-
Contractor 1 6.814 435 tractor bids 1-6 are for the
Contractor 2 7.238 462 drill and blast excavation
Contractor 3 8.156 521 schedule
Contractor 4 7.983 510 2. Engineer estimate 2 and Con-
Contractor 5 8.355 534 tractor bids 7-9 are for the
Contractor 6 8.381 535 mole excavation schedule
Contractor 7 6.763 432 3. COSTUN estimates are for
Contractor 8 6.568 420 mole excavation in good qual-
Contractor 9 9.904 633 ity rock and conventional ex-
Engineer 2 5.134 328 cavation in poor quality rock

COSTUN 1 7.089 453 4. In all estimates, costs nt
COSTUN 2 7.535 481 considered by COSTUN have
COSTUN 3 6.640 424 been subtracted from the man-
COSTUN 4 8.264 528 ual estimates for sake of
COSTUN 5 6.371 407 comparison
COSTUN 6 6.562 419 5. Contractor bids 1 and 7 are
COSTUN 7 7.573 484 from same company, drill and
COSTUN 8 7.089 453 blast and mole schedules,
COSTUN 9 7.089 453 respectively. Thi; company
As-built Cost 7.473 477 was awarded contract with
COSTUN (As-built) 7.691 491 option of using either exca-

vation method as necessary

6. COSTUN estimate 1 represents
estimated costs for most
likely conditions. COSTUN
estimates 2-7 are for possi-

ble variations in conditions
encountered, or for sensi-
tivity analysis

7. As-built costs include costs

of relevant change orders
8. COSTUN as-built estimate in-

cludes costs of 87 ft of
additional tunneling, which
resulted from improper align-
ment of mole



Table 4

Nast Tunnel COSTUN Estimates

Total
Tunnel Cost, millions $ Constr.

Description Labor Equipment Materials Total Time, days

COSTUN 1 4.738 1.118 1.233 7.089 985
Best estimate of ex-
pected conditions

COSTUN 2 5.094 1.165 1.276 7.535 1084
Input rock strengths
25% higher than ex-
pected strengths

COSTUN 3 4.385 1.059 1.196 6.640 883
Input rock strengths

25% lower than ex-
pected strengths

COSTUN 4 5.609 1.279 1.376 8.264 1203
Input RQD 33% lower

than expected RQD

COSTUN 5 4.260 0.986 1.125 6.371 865
Input RQD 33% higher

than expected RQD

COSTUN 6 4.546 1.041 0.975 6.562 955
Reduced lining thick-
ness from 18.5" to 12"
in segs. 1, 4, 9, 11,
12 and from 14" to
10" in segs. 3, 5, 6,
7, 8, 13 (29 to 33%
decrease)

COSTUN 7 4.913 1.168 1.492 7.573 1009
Increased lining
thickness from 18.5"
to 24" in segs. 1, 4,
9, 11, 12 and from
14" to 18" in segs.
3, 5, 6, 7, 8, 10,
13 (29% increase)

COSTUN 8 4.738 1.118 1.233 7.089 985
Decreased rock temp

COSTUN 9 4.738 1.118 1.233 7.089 985
Increased rock temp

As-built Cost NA NA NA 7.474 1123*

COSTUN (As-built) 5.252 1.129 1.310 7.691 1079

* The number of days required for construction of the tunnel, Granite

Adit, Fryingpan Conduit, and other items. No breakdown was a&ailable
for the t,nnel or for the number of crews working simultaneously.
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APPENDIX A: USER'S GUIDE FOR PROGRAM COSTUN

Introduction

I. Documentation for the computer program COSTUN for estimating

tunnel costs is presented in this appendix and includes the introduction,

input data, program execution and printer output, and program listing.

2. COSTUN is available in batch mode on the WES Honeywell GE635

computer. It has been run on a Univac 1108 at the New England Division

(NED) Corps Office. The program is too large for the WES Tymeshare

System. The mainline program COSTUN reads the project title, profit and

overhead margins, and beginning project stationing. After these data

are read, a series of calls to the various subroutines is initiated.

The first subroutine called is INPUT, which reads the general project

information, elevations of nodal points, and specific values of all in-

put data for each tunnel segment, tunnel reach, shaft segment, and shaft.

The computer performs an extensive check of all input data, and error

statements are printed out for mistakes or incompatible data. If errors

are encountered that would result in inaccurate solutions, a "Fatal Er-

ror" message is printed. Less serious errors are indicated by "Warning"

messages. The next subroutine called by the mainline program is SFTSET,

which calculates shaft geometry. LENGTH is then called to calculate

shaft lengths, hoisting heights, tunnel slopes, and lengths. After these

calculations have been made, the input data are printed out by subroutine

INOUT under headings "Tunnel Input Data" and "Shaft Input Data." Sub-

sequent subroutines calculate excavated dimensions, spoil quantities,

advance rates, pumping heights and quantities, and a host of other fac-

tors necessary for a complete estimate. These subroutines and their

functions are listed and described by comment cards in the program list-

ing and in the documentation report.
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Input Data

3. Input data must be entered on the file cards, with all data

right-justified within formats. The job control cards are placed at the

front of the deck and then followed by:

Item 1. Title cards. All 10 must be included, even if blank.
Any alphanumeric data may be entered in columns 1-64.

Item 2. Printout options (one card). Enter code 0 or leave blank
to print all input data, 1 in column 1 to suppress nodal
points, 1 in column 2 to suppress tunnel input data, 1 in
column 3 to suppress shaft input data, 1 in column 4 to
suppress calculated tunnel data, 1 in column 5 to sup-
press calculated shaft data, 1 in column 6 to suppress
tunnel segment and reach costs, 1 in column 7 to suppress
shaft segment and shaft costs, 1 in column 8 to suppress
tunnel reach cost summary, and 1 in column 9 to suppress
shaft cost summary.

Item 3. Profit and overhead margins and beginning of project sta-
tioning (one card). Columns 1-10 contain profit margin
in percent, columns 11-20 overhead margin in percent, and
columns 21-30 beginning project stationing, any positive
or negative number between + 10,000. As an example, en-

ter 4059.6; not 40 + 59.6.

Item 4. Nodal point elevations. Use one card per nodal point.
Place nodal point number in columns 2-5. Place nodal
point elevations in columns 11-20. Nodal points are
used to designate the ground surface elevation at each
shaft or portal and the ends of shaft and tunnel seg-
ments. Tunnel segment elevations should be referenced
to center-line elevations and to ground surface for cut
and cover.

Item 5. Data separator (one card). Enter 999999 in columns 1-6.

Item 6. Tunnel segment data. Include one card per segment.
Data for soft ground and cut-and-cover segments are con-
tinued on a second card. Columns 1-4 contain the seg-
ment number; the sequence of cards must correspond to
the sequence of segments within a reach. The left nodal
point number is placed in columns 5-8, right nodal point
number in columns 9-12, and the horizontal length of the
segment, in feet, in columns 13-20. Columns 21-24
contain the tunnel reach number. The UC strength of in-
tact rock, in pounds per square inch (psi), is entered
in columns 25-31 for rock segments only. RQD is entered
in columns 32-36 in percent, with any positive number
between 25 and 100, for rock or cut-and-cover segments.
For cut-and-cover segments, RQD refers to material below

A2



sound rock elevation (see columns 55-60 on continuation

card). xcavation method is coded in column 39. Enter
code I for conventional (drill and blast), 2 for moled
rock, 3 for moled soft ground, 4 for soft ground hand
excavation, 5 for soft ground ripper excavation, 6 for
cut and cover with vertical sidewalls, and 7 for cut and
cover with sloping sidewalls. The uniform advance rate
is entered in feet per day in columns 40-44. If left
blank, COSTUN will calculate the value.

The data base used to form the program's advance rate equations is rather

small for moled rock tunnels and moled shafts. Therefore, the user

should examine advance rates calculated by COSTUN for these methods to

see if they appear reasonable. The uniform advance rate, whether calcu-

lated by COSTUN or input by the user, is the advance rate that would be

achieved if the segment were sufficiently long to permit work crews and

equipment to reach peak efficiency. However, much time i.s lost during

project start-up, when switching to new headings, or when changing exca-

vation methods. Thus, the average advance rate is always less than the

computed uniform advance rate. The average advance rate, on which costs

are based, is computed internally by COSTUN by making adjustments to the

uniform advance rate, as described previously. Water inflow is coded in

gallons per minute in columns 45-51 and refers to inflow at the working

face. Lining type is entered in column 54 with code 0 for unlined seg-

ment, 1 for cast-in-place concrete lining, 2 for shotcrete lining, 3 for

precast concrete cut-and-cover box, and 4 for precast concrete segmental

lining.

4. The option for precast concrete segmental lining was not in-

cluded in the original COSTUN program. This subroutine was developed by

NED personnel, based on limited experience, and should be used with cau-

tion. Adjustments to the cost base for this option are anticipated as

experience is gained. This option requires that a lining thickness be

input in columns 55-60 and the specified shape be circular with a water-

tight lining and mole excavation.

5. The user must ensure that the data discussed previously for

precast segments are input, or the output will be erroneous. An error

message is not printed out for erroneous input on the precast segment
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option. Acceptable conditions for other spec it ied lining types, such as

the unlined segment (code 0), are: (a) in r, ck segments if watertight

lining is not required (columns 73-75), and (b) in soft ground segments

provided the support type on the continuation card (columns 52- 4) is

code 1, 2, or 3 for cast iron segments, precast concrete segments, or

steel segments, respectively. However, an unlined segment is unaccep-

table in cut-and-cover segments. Lining code I or 2 must be used in

conjunction with support code 4 in soft ground segments; code 0 or 2 is

unacceptable in cut-and-cover segments; and code 3 is unacceptable in

rock or soft ground segments. Lining thickness is input in columns 55-60.

If left blank, COSTUN will calculate the thickness of cast-in-place

concrete lining (codp 1 in column 54) or shotcrete (code 2 in column 54).

For unlined segments, it will calculate the backplate thickness of soft

ground segmental supports (code 1, 2, or 3 in column 54 of continuation

card). For precast concrete segmental lining (code 4 in column 54), the

thickness must be input. If a thickness is input for code 3 (cut-and-

cover precast concrete box), it will be ignored. Rock or soil tempera-

ture is coded in degrees Fahrenheit in columns 61-64 for rock and soft

ground segments. In column 66, the user should enter code 0 if formwork

costs for cast-in-place concrete lining are to be computed and code 1 if

formwork costs are to be eliminated. Code 1 should be used when the

concrete is cast behind the steel liner plate that serves at the form.

Groundwater elevation is input in columns 67-72. The average ground-

water elevation within the segment should be used. Column 75 is used to

designate whether a watertight lining is required. In this column, the

user should enter code 0 for a drained lining or drained soft ground

support, or for groundwater elevation below the segment invert eleva-

tion, and code I for watertight lining or soft ground tunnel support.

A cut-and-cover lining is automatically designated watertight. Tunnel

type is coded in column 80 with 1 for rock, 2 for soil, and 3 for cut

and cover.

Item 7. Tunnel segment continuation card. Include one card for

each soft ground or cut-and-cover segment immediately

after the main segment card to which it applies. Enter

data as follows:
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Pr" Columns-5-8...Left-ground.surfacenodalpoint.number.

Columns 5-8 - Left-ground surface nodal point number.

Columns 9-12 - Right-ground surface nodal point number.

Columns 13-20 - Effective grain size D10 , in milli-
metres.

Columns 21-24 - Enter the undrained angle of internal
friction 0 in degrees.

Columns 25-31 - Enter undrained soil cohesion, in
pounds per square foot (psf).

Columns 32-36 - Enter saturated unit weight of soil,
in pounds per cubic foot (pcf). If no value is in-
put, COSTUN uses the default value of 120 pcf.

Columns 37-39 - Enter dewatering option; use code 0 if
dewatering is not permitted. Code 1 must be used
for sloping-sided open cuts if groundwater elevation

is above the bottom of the trench and the impervious
layer is below groundwater elevation.

Columns 40-44 - Enter average elevation of groundwater
within segment.

Columns 45-51 (optional input) - Enter soil permeabil-
ity, in centimetres per second (cm/sec), for the
strata in which dewatering or face stabilization will
occur. If no value is input, COSTUN will compute
from the empirical relationship

K = CD 2

C1 0

where C is an empirical factor and D10 is the
effective grain size in millimetres.

Column 54 (support type) - Enter code 0 for sloping-
sided open cuts, 1 for soft ground supported by cast
iron segments, 2 for soft ground supported by pre-
cast concrete segments, 3 for soft ground supported
by steel segments, 4 for soft ground supported by
steel ribs and lagging (used with lining codes I or
2 in column 54 of main segment card), 5 for vertical-
sided open cuts supported by soldier piles and lag-
ging, and 6 for vertical-sided open cuts supported
by slurry walls.

Columns 55-60 - Required only for cut and cover. Enter
the average sound rock elevation within the segment,
below which RQD is greater than or equal to 50.

Column 64 - Required only for cut and cover. Enter
the method of bracing open cuts with code 0 for
sloping-sided open cuts, 1 for exclusive use of
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struts, 2 for exclusive use of tieback anchors, and
3 for struts above the box roof and tieback anchors
below the box roof.

Column 66 - Required only for cut and cover. Enter
the decking requirement option with codes 0 and 1 to
be used for no decking, respectively.

Columns 67-72 (optional input) - Enter stability num-
ber. For vertical open cuts, enter the value above
sound rock including benefits of dewatering. For
soft ground tunnels, enter the value at the face,
after stabilization. Leave blank for sloping-sided
open cuts or when it is desired to let COSTUN com-
pute the value. For soft ground segments, the sta-
bility number input must be between 0 and 9 if the
angle of internal friction is less than 29 deg and
must be between 0 and 7 if the angle of internal
friction is greater than or equal to 29 deg.

Column 74 - Required only for soft ground. Enter the
soft ground face stabilization method with code 0 if
no stabilization method is to be used, or if 1 or 2
is entered in column 75, 1 for compressed air, 2 for
dewatering, and 3 for ground injections.

Column 75 - Required only for soft ground. Enter code I
to allow COSTUN to select method for face stabiliza-
tion and check for increased stability (reduce sta-
bilization number) based solely on input parameters
and internal calculations. Use code 2 to have COSTUN
select a stabilization method only if the tunnel
otherwise cannot be excavated, 3 to have COSTUN use
the preferred method entered in column 74 above only
if the tunnel otherwise could not be excavated, and
4 if the method entered in column 74 is to be used
regardless of face stability. If code 1 or 2 is en-
tered in column 75, column 74 must be blank or con-
tain a zero; if code 3 is entered in column 75, a
method must be specified in column 74. Columns 67-72
must be blank if code 1, 2, or 3 is entered in
column 75. A stability number or stabilization
method must be entered in columns 67-72 if code 4
is entered in column 75.

Columns 76-80 - Required only for soft ground. Enter
the air pressure, in psi, between 0 and 50 to be
used for face stabilization. Zero must be entered
if column 74 does not contain code 1 and if column 75
does not contain code 3 or 4. If compressed air is
specified (code 1) or selected in column 74, then the
air pressure must be greater than zero in
columns 76-80.
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Item 8. Data separator (one card). Enter 999999 in columns 1-6.

Item 9. Tunnel reach data. Include one card per reach.

Columns 1-4 - Enter the reach number.

Columns 5-8 - Enter the exit shaft number.

Columns 9-14 - Required only for rock or soft ground.
Enter the characteristic finished dimension, in feet,
with any number from 10 to 40.

Column 17 - Required only for rock or soft ground.
Enter the tunnel shape with code 1 for circular, 2
for horseshoe, and 3 for baskethandle.

Column 20 - Required only for rock or soft ground.
Enter the muck transport method with code 1 for
truck, 2 for conveyor, 3 for train, and 4 for con-
veyor in compressed air and truck in free air.

Columns 21-25 (optional input) - Enter the number of
work hours per day. If no value is input, the de-
fault value of 24 hr is used.

Columns 26-29 (optional input) - Enter the number of
work days per week. Default value is 6.

Columns 30-32 - Required only for cut and cover. Enter
the number of contiguous box units in a single-level
cut-and-cover box.

Columns 33-37 - Required only for cut and cover. En-
ter fimished box width, in feet. For a single-level
box, width equals clear span times number of units.
For a double-level box, width equals two times the
single level width. Any positive number between 10

and 40 may be input.
Columns 38-42 - Required only for cut and cover. En-I

ter finished box height, in feet. For single-level

box, height equals clear height of one unit; height
of double-level box equals two times clear height of
one unit. Any positive number between 10 and 20 is
permissible for a single-level box and between 10

and 40 for a double-level box.
Columns 43-45 - Required only for cut and cover. En-

ter the select box option with codes 0 and 1 to be
used for single-level and double-level box, respec-
tively.

Item 10. Data separator (one card). Enter 999999 in columns 1-6.

Item 11. Shaft segment data. Include one card per segment.

Data for soft ground and cut-and-cover segments are
continued on a second card. For rock shaft segments,
dummy shafts, or portals, the continuation card must
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Columns 1-4 - Shaft number.

Columns 5-8 - Segment number. Enter any positive in-
teger from 1 to 999. Within any shaft, the segment
numbers must be exclusive, but in different shafts,
the numbers may be duplicated. Shaft segment num-
bers need not be in sequence, but sequential arrange-
ment of cards must be from top to bottom of shafts.

Columns 9-12 - Upper nodal point number. Enter the
number of the nodal point at the top of the segment.

Columns 13-16 - Lower nodal point number. Enter the
number of the nodal point at the bottom of the seg-
ment; if a portal, this number should be identical
with the upper nodal point number.

Columns 25-32 - Required only for rock. Enter intact,
UC rock strength, in psf or in psi, with any posi-
tive number. Leave blank when the shaft is a portal.

Columns 33-36 - Required only for rock. Enter RQD in
percent, with any positive number from 25 to 100.
Leave columns blank when the shaft is a portal.

Columns 37-39 - Required only for rock or soft ground.
Enter the excavation method with code 1 for conven-
tional rock excavation, 2 for moled rock excavation,
3 for moled soft ground excavation, or 4 for hand
excavation in soft ground. Leave blank when the
shaft is a portal or a dummy.*

Columns 40-45 (optional input) - Enter uniform advance
rate with any positive number, in feet per working
day; if blank or contains a zero, COSTUN computes
the advance rate. Leave blank when the shaft is a
portal or a dummy.

Columns 46-48 - Rock only. For water inflow, enter
code 1 for waterbearing formations; leave blank when
the shaft is a portal or for dry formations. Con-
trol of inflow in shafts is assumed to be invariant.
If inflow occurs, grouting around the perimeter of
the shafts is the assumed control method. Costs are
based on grout holes drilled on 5-ft centers around
the perimeter of the shaft for the entire thickness
of the waterbearing formation.

Columns 49-51 - Lining type. For unlined segment,
portal, or dummy, enter code 0 or leave blank; for
cast-in-place concrete lining, code 1; for shotcrete

*Note: A dummy shaft is an imaginary shaft used for internal bookkeep-
ing purposes only to separate segments constructed by different excava-
tion methods. No costs are calculated for a dummy shaft.
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lining, code 2; and for precast cut-and-cover lining,
code 3. An unlined segment is acceptable in rock
segments provided a watertight lining (columns 66-68)
is not required; in soft ground scgments provided

the support type (columns 49-51 on continuation card)
is code 1, 2, or 3; and in cut-and-cover segments
provided the shaft is a portal or a dummy. When
lining code 1 or 2 is used in conjunction with sup-
port code 4 in soft ground segments, code 1 or 2 is
unacceptable in cu--and-cover segments, and code 3
is unacceptable for rock or soft ground segments.

Columns 52-57 (optional input) - For lining thickness,
enter any positive number, in inches; leave blank
when shaft is a portal or a dummy. A thickness may
be input for code 0, 1, or 2 above; for code 0, the
value input refers to the backplate thickness of
segmented soft ground shaft supports (code 1, 2, or
3 in columns 49-51 of continuation card).

Columns 58-59 - For formwork to be used in conjunction
with cast-in-place concrete linings in soft ground

or rock segments, enter code 0 or leave blank if
formwork costs are to be computed and code 1 if form-
work costs are to be eliminated. Code 1 should be
used if the concrete is to be cast behind a steel

liner that serves as the form. Note that the cost
of the steel liner is not computed by COSTUN.

Columns 60-65 - Groundwater elevation. Leave blank for
a portal or a dummy shaft. Enter any number repre-
senting the average groundwater elevation for the
entire shaft.

Columns 66-68 - Watertight lining or soft ground shaft
support. For an unlined shaft segment, for a drained

lining or drained soft ground support, for a ground-
water table below the segment, or for a portal or
dummy shaft, enter code 0 or leave blank; for a
watertight lining or soft ground shaft support, en-
ter code 1. Note that a cut-and-cover lining is
automatically designed as watertight.

Columns 69-73 - Shaft type. For rock, dummy, or por-
tal, enter code 1; for soft ground, code 2; and for
cut and cover, code 3.

Item 12. Shaft segment continuation card. Include this card
only if the segment is soft ground or cut and cover
(code 2 or 3 in columns 69-73 of main card). This
card must be placed immediately behind the main card
to which it applies.
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Columns 17-24 - Effective grain size D , in milli-
metres.

Columns 25-32 - For undrained soil cohesion, in psf,
enter zero or blank or any positive number. Usually
this value is zero for sands and gravels, but it
cannot be zero if columns 37-39 below are also zero
or blank.

Columns 33-36 (optional input) - For unit weight of
soil, in pcf, enter zero or blank or any positive
number up to 200. If no value is input, COSTUN will
assume 120.

Columns 37-39 - Undrained angle of internal friction,
in degrees.

Columns 40-45 - For elevation of impervious layer, en-
ter any number representing the elevation for the
segment. Not required for soft ground segments if
dewatering is not permitted or if the ground is not
capable of being dewatered (Do 5 0.08 mm or PERM
:50.0006 cm/sec); not required for cut-and-cover

segments.

Columns 46-48 - Dewatering permitted. For cut-and-
cover segments or if lowering of the groundwater
table by pumping is not permitted, enter code 0 or
leave blank; if lowering of the groundwater table
is permitted, enter code 1.

Columns 49-51 - Support type. For soft ground sup-
ported by cast iron segments, enter code 1; for soft
ground supported by precast concrete segments, code 2;
for soft ground supported by steel segments, code 3;
for soft ground supported by steel ribs and lagging
(used with lining code 1 or 2 in columns 49-51 on
main segment card), code 4; and for cut-and-cover
construction, code 5.

Columns 52-59 (optional input) - For soil permeability,
in cm/sec, enter the permeability at the level in
which dewatering or face stabilization will occur;

omit for cut-and-cover segments. If no value is in-
put, COSTUN will compute if needed.

Columns 60-65 (optional input) - Stability number. For
soft ground segments, enter the value at the face in-
cluding the effect of any stabilization methods; for
cut-and-cover segments, leave blank. If no value is
to be input or if it is desired to let COSTUN compute
it, enter code 0 or leave blank. Otherwise, input
any number from 0 to 9 if PHI< 29 or any number from
0 to 7 if PHI 29.
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Columns 66-67 - Required only for soft ground. Stabi-
lizat ion method; in conjunction with column 68 bellow,
the soft ground face stabilization method either pre-
ferred or desired to be used; for required use of no
method or for code I or 2 in column 68, enter code 0
or leave blank; for stabilization by compressed air,
code 1; for stabilization by dewatering, code 2; and
for stabilization by ground injections, code 3.

Column 68 - Required only for soft ground. To allow
COSTUN to select a face stabilization method and
check for a significant reduction in the stability
number based solely on input parameters, enter code 1;
to have COSTUN select a stabilization method only if
the tunnel could not otherwise be excavated, code 2;
to have COSTUN use the preferred stabilization meth-
od (columns 66-67 above) only if the shaft could not
otherwise be excavated, code 3; to have COSTUN use
the given stabilization method regardless of the face
stability, code 4. For code 1 or 2, a face stabili-
zation method must not be specified in columns 66
and 67; for code 3, a method must be specified in
columns 66 and 67; for codes 1, 2, and 3, a stabil-
ity number must not be input in columns 60-65; and
for code 4, either a stability number or a stabili-
zation method (both are also acceptable) must be in-
put (blank or zero in columns 66 and 67 indicates no
stabilization method is to be used).

Columns 69-73 - Required only for soft ground. For
the air pressure to be used for face stabilization,
in psi, input any positive number from 0 to 50. If
a stability number is input and the stabilization
method selected is compressed air, a number greater
than zero must be input; a value other than 0 must
not be specified if columns 66-67 do not contain
code 1 and if column 68 does not contain code 3 or 4.

Item 13. Data separator (one card). Enter 999999 in columns 1-6.

Item 14. Shaft data. Include one card per shaft.

Columns 1-4 - Shaft number.

Columns 5-10 - Shaft size. Enter the characteristic
finished dimension, in feet, with any number from
10 to 40. Leave blank when the shaft is a portal
or a dummy.

Columns 11-13 - Shaft shape. For a dummy or portal,
enter code 0 or leave blank; for a circular shape,
code 1; and for a square shape, code 2.

Columns 14-21 - Distance to disposal. Enter distance
to user-selected disposal site, in miles.
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Columns 22-28 - Cost of the disposal site, in dollars
per acre.

Columns 29-32 - For aboveground air temperature, in
degrees Fahrenheit, any positive or negative number
is entered but can be omitted if all reaches associ-
ated with the shaft are cut and cover.

Columns 33-38 - Labor cost index. Calculate by divid-
ing the cost of labor for period of consideratioii by
costs of labor in Chicago in 1969. This value was
$35.17 in Chicago in 1969 and consisted of hourly
wages and fringes for heavy construction, one each;
common labor plus skilled iron workers plus hoisting
engineers plus tractor operators plus air compressor
operator plus truck driver. This mix is representa-
tive of labor employed in tunnel construction. Rates
are published monthly by Engineering News Record
(ENR) for 20 cities and annually for an additional
25 cities. In addition, information on labor rates
may be obtained by contacting the U. S. Bureau of
Labor Statistics, union offices, or local employment
offices.

Columns 39-44 - Equipment cost index. Based on ENR
quarterly report of "Equipment List Price Trends,
All Types of Equipment." Equipment Cost Index is
calculated by dividing the index value for the peri-
od of consideration by the index value in 1969,
which was 110.4 on a base of 100 for 1967.

Columns 45-50 - Material cost index. Calculate by di-
viding the ENR Construction Cost Index, material
prices for location of the project for the period of
project construction, by the Chicago index for 1969.
The unit of materials to use consists of 22.5 cwt
bulk cement, carload lots (prior to 1972 used 6 bbls),
1 Mfbm of pine or fir 2x4's, and 25 cwt standard
structural steel shapes, W8x3l, base price, FOB
warehouse. The 1969 Chicago cost of these mtls was
$402.50.

Columns 51-56 - Regional cost factor. Used to assess
construction cost differences in various regions of
the United States. Enter 0.9 for Chicago, 1.2 for
San Francisco, 2.0 for New York City, 0.8 for all
other areas, or any other number the user deems
appropriate.

Columns 57-61 (optional input) - For work hours per
day, enter any positive number from 0 to 24. If no
value is input, 24 will be assumed.

Al12

4w



Columns 62-65 (optional input) - For work days per
week, enter any positive number from 0 to 7. If no
value is input, 6 will be assumed.

Item 15. Data separator (one card). Enter 999999 in
columns 1-6.

Item 16. End of system (one card). Enter end of system in
columns 1-13.

6. At this point, input decks for additional tunnel-shaft

systems may be prepared. The additional decks should start with the

title cards and end with the end of system card above. The additional

system data decks may be stacked for a single computer run. Final job

control cards are placed behind the last end of system card.

Fatal errors

7. Data inputs that would cause material inaccuracies in the

problem solution and that can be identified by internal checks in sub-

routines INPUT, SFTSET, and LENCTH are programmed to halt execution of

the computations. Such inputs, are, therefore, called "fatal" errors.

£he following tabulation is a complete listing of all fatal errors

checked in INPUT, SFTSET, and LENCTH. The Format Statement Number is

the number of the statement in the program listing that will be printed

out as a result of the error. All are checked in INPUT except as noted

in paragraph 7.

Format Statement No.

Description Tunnels Shafts

No separator card after nodal point card 1500 1500

Duplicate nodal point number 1013 1013

Nodal point < i or > NPMAX*
NPMAX = max. no. of nodal points 1001 1001

Number of segments > NTSMAX* or NSSMAX*
NTSMAX = max. no. of tunnel segments allowed
NSSMAX = max. no. of shaft segments allowed 1016 1017

No separator card after tunnel segment data or 1501/2000 --

tunnel type coded incorrectly

* See the program listing (paragraph 16) for present dimensions of these

variables.
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Format Statement No.

Description Tunnels Shafts

Duplicate reach or shaft number 1022 1023

Segment card out of sequence 1015 1115

Nodal point card omitted 1031 1131

Excavation method coded incorrectly 1030 1029

Excavation method does not match tunnel or shaft type 2005 2210

Thickness specified; no lining 1045 1046

Lining type coded incorrectly 1043 1048

Lining type does not match tunnel or shaft type 2010 2220

Input advance rate less than zero 1065 1075

Watertight lining requirement coded incorrectly 2015 2225

No lining or support specified for watertight tunnel 2020 2230

or shaft

RQD <25 in rock tunnel or shaft 2030 2212

RQD <0 or >100 1062 1072

Surface nodal point out of sequence 2040 --

Surface nodal point ca-rd omitted 2045 -

Surface nodal point elevation below tunnel 2050 --

Effective grain size not specified 2055 2245

Soil strength not specified 2060 2250

Friction angle > 100 deg 2063 2253

Unit weight of soil > 200 pcf 2064 2254

Dewatering requirement coded incorrectly 2065 2255

Impervious layer above ground surface 2072 --

Impervious layer at ground surface, soil not clay 2073 --

Impervious layer above base of shaft segment -- 2262

Support type coded incorrectly 2075 2265

Support type does not match tunnel or shaft typ- 2080 2270

Lining type does not match support type 2085 2275

Rock elevation above ground surface 2092 --

Bracing code < 0 or > 3 2095 -

Bracing code for vertical cut :5 0 2100 -

Decking coded incorrectly 2105 -
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Format Statement No.

Description Tunnels Shafts

Stability number too high; excavation impossible 2115 2285

Stabilization method coded incorrectly 2120 2290

Stabilization use coded incorrectly 2125 2295

Air pressure not specified for compressed air
stabilization with input stability number 2130 2300

Stability number specified; incorrect stabilization
use code 2135 2305

Air pressure specified; compressed air
stabilization not specified 2137 2307

Stabilization use code does not match method 2140 2310

Unacceptable stabilization method input 2147 2320

No separator card after reach data 1502 --

Reach number < 1 or > NTRMAX 1021 --

Size indicates cut-and-cover; shape code is not zero 2150 --

Shape indicates cut and cover; size in wrong column 2151 --

Duplicate reach or shaft data cards 1026 1027

Muck transport method coded incorrectly 1041 --

Shape coded incorrectly 1042 2325

Shape indicates cut and cover; muck transport
method specified 2152 --

No muck transport method specified 2153 --

Work hours per day < 0 or > 24 2155 2335

Work days per week < 4 or > 7 2160 2340

Box dimension(s) not input 2165 --

Number of box units not specified for cut and cover 2175 --

Noncircular shape for mole excavation 1040 2355

Compressed air required; truck muck transport

specified 2195 --

Cast iron support specified for noncircular shape 2200 2350

Tunnel is not cut and cover; no shape specified 2201 --

Shape specified is not for cut and cover 2202 --

RQD of sound rock < 25 for cut and cover 2204 --

Sloping cut through pervious ground below GWT;
dewatering must be allowed 2205 --
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Format Statement No.

Description Tunnels Shafts

Segment in nonexistent reach or shaft 1200 1201

Reach or shaft number not referred to 1203 1204

Reach ends at nonexistent shaft 1202 --

Shaft number< 1 or >NSMAX -- 1034

Groundwater elevation within shaft segment -- 2240

Shaft inflow coded incorrectly -- 1047

Shape indicates a dummy shaft, size given -- 2330

Size indicates a dummy shaft, shape code not zero
or blank -- 2332

Square shaft in rock -- 2345

Missing separator card after shaft segment data, or
shaft type coded incorrectly 1503/2207

No separator card after shaft data 1504

No cut-and-cover segments in a cut-and-cover

shaft (SFTSET) 1000

No cut-and-cover segment adjacent to dummy shaft
(LENGTH) -- 2000

8. Fatal errors may also be detected after some preliminary pro-

cessing in subroutines CALCS, AIRPRS and STABIL that are identified in

the program listing. In this case, the calculated tunnel data and cal-

culated shaft data will be printed out (unless suppressed), and then the

program execution will be halted. Fatal errors in this category are

listed below.

Format

Statement No.

Description Tunnels Shafts Subroutine

Stability number too high after stabili-
zation; excavation impossible 2000 3000 STABIL

Stabilization is required but input method
not acceptable 2030 3030 STABIL

Stabilization is required but input method
not effective 2035 3035 STABIL
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Format

Statement No.

Description Tunnels Shafts Subroutine

Stabilization is required but input speci-

fies no method must be used 2050 3050 STABIL

Excavation impossible by using air pres-

sure < 50 psi 2000 3000 AIRPRS

Haul slope too steep for a train 1020 -- CALCS

Tunnel too small for a truck 1021 -- CALCS

Slope too steep for muck transport methods 1023 -- CALCS

Truck muck transport in compressed air

tunnel 1025 -- CALCS

Nonfatal errors

9. Data inputs that are beyond the range for which the cost re-

lationships are believed to apply with accuracy are nonfatal errors.

These errors will not halt execution of the program, but a warning will

be printed out to call attention to their existence. Included in the

category of nonfatal errors are various reminders and warnings as to the

final use of certain input data.

Format

Statement No.

Description Tunnels Shafts Subroutine

Rock strength < 500 psi 1060 1070 INPUT

Cut-and-cover segments are watertight 2017 2227 INPUT

Groundwater elevation is zero or blank,
used zero 2025 2235 INPUT

RQD > 25 for soft ground tunnel 2035 2215 INPUT

Coefficient of permeability > 10 cm/sec 2061 2251 INPUT

Friction angle > 45 deg 2062 2251 INPUT

Impervious layer elevation is zero or

blank, used zero 2070 2260 INPUT

Rock elevation is zero or blank, used zero 2090 -- INPUT

Cut-and-cover box deeper than 100 ft 2094 -- INPUT

Stabilization method is not acceptable 2145 2315 INPUT

Size < 10 or > 40 ft 1064 1074 INPUT
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Format

Statement No.

Description Tunnels Shafts Subroutine

Box width exceeds 40 ft 2170 -- INPUT

Box height > 20 ft for single-level box 2180 -- INPUT

Box height >40 ft for double-level box 2185 -- INPUT

Impervious layer above tunnel, D1 0 > 0.005 2190 -- INPUT

RQD of sound rock is 25-50 for cut and

cover 2203 -- INPUT

No excavation method specified; dummy shaft

assumed -- 2208 INPUT

Dummy shaft, cost=O -- 2327 INPUT

Shaft depth > 3000 ft -- 1071 LENGTH

Reach length > 20 miles 1061 -- LENGTH

Input thickness less than standard

design, input ignored 1010 1011 SIZEST/SIZESS

Input thickness appear to be inadequate 2710 2711 SIZEST/SIZESS

for water pressure

Lining thickness was input for cut-and-

cover box 3500 -- SIZEST/SIZESS

Groundwater below segment; input inflow
ignored 3600 3605 SIZEST/SIZESS

Stabilization method not effective; no
method used 2010 3010 STABIL

Input stabilization method not required 2015 3015 STABIL

Input stabilization method not accep-

table nor required 2020 3020 STABIL

Stabilization method not effective; 2025 3025 STABIL

method used anyway

Hand excavation used rather than input

method 2040 3040 STABIL

Conveyor/truck transport used rather
than input method 1030 -- CALCS
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10. Several of the above messages are caused by elevations that

are not associated with nodal points. INPUT makes extensive checks for

missing input data. Unfortunately, the computer cannot distinguish be-

tween a zero and a blank data field. Therefore, COSTUN cannot be cer-

tain that the user meant elevation 0 or just forgot to input a number.

These messages can be avoided by specifying an elevation close to zero,

like 0.1 or 0.01, if elevation 0 is indeed desired.

Program Execution and Printout

Program execution

11. COSTUN is executed in core. During operation it neither re-

fers to information stored on another tape nor generates another data

tape. Therefore, no special operating instructions are necessary.

12. The program stores most data in one of five arrays (A, B,

CNP, SHAFT, and TRDATA). These five arrays are stored in one main array

called ARRAY. This procedure allows the user to alter the storage re-

quirements of COSTUN. The storage requirements are a function of the

allowable number of tunnel and shaft segments, tunnel reaches, and

shafts. COSTUN as written provided for NTSMAX (maximum number of tunnel

segme.,'s) = 300, NSSMAX (maximum number of shaft segments) = 300, NSMAX

(maximum number of shafts) = 100, and NTRMAX (maximum number of reaches) =

200. The version presented in the program listing allows NTSMAX = 20,

NSSMAX = 10, NSMAX = 10, and NTRMAX = 20.

13. The storage requirements can be changed by changing any or

all four of these key variables in the main program. If the change is

made after the initial compilation, then only the main program needs to

be recompiled. If these variables are made larger, the dimension of ARRAY

(firs ecute card in MAINLINE) must be increased. If these variables

are mau- smaller, the dimension of ARRAY need not be changed, but failure

to do so will result in paying for more computer storage than necessary.

r inimurr dimension of ARRAY is given by

X NTSMAX + 46 X NSSMAX + 23 X NSMAX + 23 X NTRMAX



14. For the values originally provided for these four key vari-

ables, the minimum dimension of ARRAY was 42,900. If the dimension of

ARRAY is changed to less than the minimum required dimension, a message

will be printed and the computer run will terminate. Whenever the di-

mension of ARRAY is changed, the value of 1t'1 (fifth execute card in

MAINLINE) must also be changed to that of the new dimension of ARRAY.

The present dimension of ARRAY is 2630. This size allows most tunnels

to be estimated without problems and saves some storage costs.

Printout

15. The printout consists of the tunnel and shaft title and all

other input data, unless the suppress option, described previously in

paragraph 3, is used to suppress one or more items of input data. After

the selected input is printed out, the program prints out calculated

tunnel data, consisting of length, slope, excavated dimensions and quan-

tities, advance rates, lining thickness, pump rates and heads, and con-

struction time. Position of the airlock, if used, stabilization method

used, unit weights, permeability, concrete volumes, and backfill volumes

are listed where appropriate for each tunnel segment within each reach.

The same categories of calculated data are printed out for each shaft

under the heading, "Calculated Shaft Data." Next, tunnel costs are lis-

ted by reach and segment number under column headings for excavation

setup, excavation, muck loading, muck hauling, muck hoisting, muck dis-

posal, supports, lining, lining formwork, grouting, pumping, and air

conditioning, and these unit costs are tallied to obtain the segment

cost per toot and total segment costs, which are printed. This process

is repeated for each segment. Then a summary of reach costs is printed,

applying the cost adjustment factors to labor costs, equipment costs,

and material costs to obtain total reach costs. Such a printout is also

prepared for each reach and for each shaft. A "Tunnel Reach Cost Summa-

ry" is printed next, applying the Regional Cost Factor to the total,

followed by a similar "Shaft Cost Summary." The final output block re-

prints the project title and the profit and overhead margins, and then

lists the project summary costs for labor, equipment, and materials, and

the total costs.
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Program Listing

16. A listing of program COSTUN is given below.

C MAINLINE PROGRAM ----- ----- COSTUN ----------------------- --- 000020 0000
C 8 000030 0000

DIMENSION ARRAY (2630) 000040 8000
COMMON /BASIC/ 1SS NTS
COMMON /A/ LO LIP A OM LIST(40).TITLE(160),STAEG.ITYPE 090060 0000
COMMON/F/ IERhOR ISTOP 000070 0000
CONMON/G/ TUJNLC,+UNEC,TUNMC,TUNTC 000075 0000

c ------- .--------------.. . .. . . .. . . .. . .----- eseeso o000
C WHENEVER THE DIMENSION OF 'ARRAY' IS CHANGED, THE VALUE OF MM 000090 0008
C BELOW MUST ALSO BE CHANGED TO THAT OF THE NEU DIMENSION OF 'ARRAY' 000100 0000

M-2630 000110 0000
C ---- ----------------------------------------------------------- 000120 0000

NSMAXo10 000130 0000
NSSMAX-10 000140 0000
NTRMAX.20 000150 0000
NTSMAX-20 000160 000
NPMAX.NSSMAX*2xNTSMAX 000170 0000

C J1 - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN 'A' ARRAY 000180 0000
C J2 - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN B' ARRAY 0eele9 0000
C J3 - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN 'CNP' ARRAY 000200 0000
C J4 - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN 'SHAF?' ARRAY 000210 0000
C JS - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN 'TRDATA ARRAY 000220 0000
C J6 - STORAGE LOCATION IN 'ARRAY' OF FIRST ITEM IN CUMSL 000230 000e

i1 • 1 000240 00oe
C THE NUMERICAL COEFFICIENTS ON THE NEXT S LINES REPRESENT THE 000250 0000
C NUMBER OF ITEMS STORED IN THE A, B, CNP, SHAFT, AND TRDATA 000260 ooo0e
C ARRAYS, RESPECTIVELY 000270 0000

J2 • J1 1 68*NTSMAX 000280 0000
J3 - J2 + 43*NSSMAX 000290 0000
34 j 33 + 2*NPMAX 000300 0000
J5 - 34 + 231NSMAX 000310 0000
J6 - J5 + 23*NTRMAX 000320 0000
LI-S 000330 0000
LO-6 000340 000e

C - -------------------------------------------------------------------0 0o350 00
C THE MINIMuM REGUIRED SIZE OF 'ARRAY' I5 J6+ NPMAX-i 000360 0000
C OR 74EN7SMAX+46NSSMAX+23NSMAX 23*NTRMAX 000370 0000

MINARR-743NTSMAX 46SNSSMAX+23*NSMAX+231NTRMAx 000380 0000
IF(MM.LT.MINARR; GO TO 500 000390 000e
---------------------------------------------------------------- 000400 o00m

10 IERROR.0 000410 e800
READ(LI,1,END-600) TITLE,LIST,PM,OM,STABEG 000420 000
WRITECLO,2) TITLE 000430 0000
URITE(IO.,3 PM,OM 000440 0000
(RITE,.O,4) 000450 0000
CALL IPUT (ARRAYJI),ARRAY(J3),ARRAY(J3),ARRA(J4),ARRAYJS), 000460 0000
INTSMAX NSSMAX,NPMAX,NSMAX,NTRMAX) 000465
IPCIS1'P.EQ,.) GO TO 10 000470 0000

140 CALL SrTSET (ARRAY(J31,ARRAY(J2),ARRA(J3),ARRAYCJ4),ARRA(jS), 000480 0000
1NTSMAXoNSSMAx.NPMAX,NSMAXNTRMAX) 000485
IF(ISTOP.EG.I) GO TO 10 000490 0000
CALL LENGTH (ARRAY(JI),ARRAY(J2),ARRAY(J3),ARRAY(J4),ARRAY(JS), 000508 0000

I ARRAY{JS),NTSMAX,$SSMAX,NPMAX,NSMAX,NTRMAX) 00510 0000
C ------------------------------------------------------------------ 00520 000
C PRINT OUT IPUT DATA FOR TUNNELS 000530 0000
C INITIALIZE 000540 0000

(Continued)
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(:OS' IN 1,ist i ng ((:,),t iIt, cl

NLINES*40 e0050 0000
DO 6 me1,NTS

ITYPEa.001e 0000
6 CALL INOUT (I ARRA'Y(J1',,ARA(2 ARA(3,RA~4.RA(' 000590 000
MNINES IPR NTSAAX,HSSMAX,NPMAX NSIMAXNTRMAX) osose. 0000

C PRINT bUT iNPUT DATA FOR SHAFT4 000610 e00o
C INITIALIZE 000628 0000

I PS .0 000630 0000
NLINES' 45 00640 000
DO 6 M*1,NSS
ITYPE.2 000660 ooeo

6 CALL INOuT (1,ARRAY(J1),ARA(J2)RRAY(J3),ARRAwj4),ARRAYZJS), 000670 0000
INIEP,4SASMAPASA~iRA' 000690 0eoo

C --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -000690 0000
C CALCULATE TUNNEL DI14ENSIONS 000700 0000

DO 7 Mo1,NTS

7 CALL SIZESTIl, ARA(IRA(2,RAC3,RA(')ARYj) 000720 eeeo
INTS!IAX NSSMAX NPMAX NSMAX.TRM~AX) 000,725

C CALCULATE SMA4T DIP1ENSIOMS 000730 0000
DO 8 M-iNSS
I .m

8 CALL SIZESS(I, ARRAN J)APAJ2)RA,ARJ)RAY(j4,ARRAY J), 000750 e
INSASMXNMA.SA(NRA( 000755

C---------------------------------------------------------------------- 00760 00eC DETERM'1NE S'ABILITY N4fMDER AND EXCAVATION METHOD FOR SG TUNNELS 000770 0000
DO 20 M-1,NTS

ITYPE-. 00079 emeCALL STABILZI, ARA~lARYJ)ARY.1)ARYj)ARY.S 000900 0000
±NTSMAX,NSSXNPAX,NSA,TRMAX) 000805

20 CONTINUE e0080 0000
C DETERM~INE STABIL17Y 4UMBER AND EXCAVATION METHOD FOR SG SI4AFTS 0eosapo eee

DO 25 M.1.NSS
:TYPE-2 000840 CeeO

CALL STABILCI. ARA JAq 2,q ,~~4,pYJ: 000850 0000IhTSMAX 49SSrAK* NPMAX, NSMAX,4-RPAX) 000855
25 CONTINJE 000860 e

C ------------------------------------------------------------------ 000870 neeCALL REACI-D RA 1A ~ ~000880 0000
iNTSMAX NSSMAX(,NPMAX, NSl A(, N-RMAX) 00CALL A6RATE ARRAV'i ?,ARAY(J2,,RR 3),RRAYJ.AR~iy< 5: 000985m
1N-SMAX,.SSMA,NrfAXNSM.XNrMAX 90095000:AL'. :ONST1 ~ 900e 0000
14TSMA.NSSmA,mpMXNSIAX,NTQMjAX) 800905CALL PJMPH' ',RA , ;,.Ry',ARAJ2:,AQRARA (j4),ARRAY(S'), 00091e 00ee
INSASMXMMASATIX 0009isCALL PLMPR' RA1.RA(a.qq~A~J)A~(5 00092e 00eINT5?9AX 4SV'AX, PMAX * N5MA , NTRMAX 090912S
CALL VUMuE (ARRAYVJ1),ARRAY(J2;,AR A'y 3) 'RA'4),ARRAvU5'), 000930 0000INTSMAX ,NSSMAX,4 PMAN * 45-lA) * NTR-AX: 000935
CALL ECuol, (ARAYj,ARAY2)ARRA'J3),ARRA(j4),ARRAY(5), 000940 000014TSMAX NSSMAX,NPPAX. .NSMAY.NTRMA 080945
CALL MUCKLD (ARRAY 1t),ARRA 4.2:,ARRA (43 AR ~sJ4)ARRAY, 4), 000950 MO0

(Continued)
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COSTIN List i ng (ConLinued)

INTSMAX NSS"AX NPMAX,HSMAXNTRMAX) 886955
CALL AIRLOK 8 6ARRAY(JI),ARRA0(j2),ARRAY(J3),ARRAY(J4),ARRA¥ jS', 000@6 000
I ARRAY(J6),NTSPIAX NSSMAX,NPMAX, NSMAX NTRMAX) 000970 08
CALL CALCS (ARAAY(JI),ARRAY(JO),ARRAY(J3),ARRAY(J4),ARRA'c(JS;, 008980 0008
1MrSRiAX NSSNAX NPMAX NSMAXNTRMAX) 000985
IF(IERROR.EQ.1) GO +0 ISo00990 ee0
CALL COSTTU (ARRAY(JI),ARRAY(J3),ARRA(J4),ARRAY(JS),ARRAYJ6), 001000 0000
INTSMAX NPMAXNSMAX NTRMAXNSSMAX) 001005
CALL COSTSF (ARRAY(J2),ARRAY(J),ARRAY(J4),ARRAY(JS). 09; 10 ee0

INSSMAX tNPMAX NSMAX,NTRMAX,NTSMAX) 88101S
CALL NEXSET(LO,LI) 881820 000e
GO TO 10 001030 8008

C ------------------------------------------------------------------ 001040 0900
C DIMENSION OF 'ARRAY' ARRAY LESS THAN MINIMUM REQUIRED DIMENSION. 801050 0000
C EXECUTION TERMINATED 001060 0000

SO$ 4RITE(LO,9) MMMINARR 001070 0000
C ------------------------------------------------------------------ 00080 0000

1 FORMAT(10(ISA4/),40I1,/,3Fle.0) 01000 ee0
2 FORMAT(1,1S(/),15X,901*, ,IN,8,x,M3./, 001100 0000
110(ISX, 1Hi,12X,1 6A4 12X H*°/, 001110 0000
2 15X,002,SX,1MS,',15X,90;.M2) 661120 000e
3 FORMAT(/////,44X 32(IHS),/, 001130 0000
I 44X,IHX,22H PROFIT MARGIN ....... F7.2,2H *,0, 081140 0000
2 44X,1H,22H OVERHEAD MARGIN ..... F7.2, ,/, 001150 0000
3 44X,32(IHs)) 681166 000e
4 FORMAT(1HI4 001170 0008
9 FORMAT(1H1I////,1x 131(1IH*)//27X,78H*x*$I EXECUTION OF 'COSTUN' S 001180 e0e
ITOPPED BECAUSE OF ERROR IN MAINLINE PROGRAM 2****//22X, 001190 0000
213HDIMENSION OF ,17,68H GIVEN FOR 'ARRAY' IN MAINLINE PROGRAM IS L 001200 0000
3ESS THAN MINIMUM REQUIRED//22X. 13HDIMENSION OF ,17, 0012:00000429H. ALL DATA DECKS IGNORED.//IX,131(1H*)) 001220 0006

SUBROUTINE INPUT(AB,CNP,SHAFT,TRATA,NTSMAX.NSMAX,NPMAX,NSMAX, 001262 0000
INTRMAX) 001265

C ----------------------------------------------------------------- 001270 0000
C----------------------------------------------------------------------- zC128880me
C THE FOLLOWING DEFINES THE CONTENTS OF THE VARIOUS ARRAYS 001290 0000
C ------------------------------------------------------------------ 00:300 0000

CNP(I.J) .... NODAL POINT ARRAY (I - 1ODAL POINT NLMBER; 001310 oo0e
J 1 1 STATIONING OF THE NODAL POIN" 001320 008e

C (CALCULATED IN SUB LENGTHI 001330 000C • 2 ELEVATION OF THE NODAL POITe 001340 ee
C A I,J) ...... TUNNEL SEGMENT ARRAY (I • LOCATION OF 5EGMEN- IN 001350 0o00

'A' ARRAY, j • AS BELOL) 001360 0oo0
C ITEM J * I SEGMENT NUMBER - hTSEG o01370 6660

2 NODAL POINT TO LEFT OF SEGMENT NPL 001380 600
C 3 NODAL POINT TO RIGHT OF SEGME41 • NR e1398 eeee
o 4 REACH NUMBER h NREACH 061400 0000
C S ROCK STRENGTH R PS OR JRS 001410 00ee
C 6 R.O.D. * ROD OR JRGD 881420 ee
C 7 EXCAVATION METHCD • mEx 001430 000
C (I-DRILL AND BLAST, 'MCLE(ROCK, 00144e 000e
C 3-MOLE(SOIL. 4-kAND,SRIPPER 001450 0000
C 6-OPEN CUT(vpRTICAL), ?-OPEN C, 001468 0000
C tSLOPING)) 00149 080

(Continued)
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COS 'UN [ ist i g (Cont i nutd)

C m HEAD:NG ADVANCE RATE AR 001490 0e0o
C 9 GROUNDWATER INFLOW AT UOR(ING FACE 001490 e000
c - INFLOU CR GI 00150a 0000
C 10 LINING TYPE - LINING e01si0 0000
C (0 OR BLANK-UNLINED.1-CIP C^NCRETE, eels20 0000
C 2.SHOTCRETE 3.PRECAST CONCRETE BOX) 001530 0000
C 11 LINING 7HICKNESS - TL OR LT OR TSEG 001540 0000
C 12 ROCK TEMPERATURE - RTEMP OR JRTEMP 001ss0 0000
C 13 SUPPRESSION OF FORMWORK COSTS-NOFORM 001560 0000
C CO OR BLANK-POSSIBLE COSTSISUPPRESS 001570 0000
C 14 GROUNDWATER ELEVATION - ELWATR 001s80 0000
C 1S WATERTIGHT LINING REGUIREMENT - LINWT 001590 0000
C (0 OR BLANK-NO l-UATERTIGHT) 001600 ooo
C 16 TUNNEL SEGMENT TYPt - NTSTYP 001610 0000
C (1-ROCK, 2-SOFT GROUND, 001620 0000
C 3- CUT AND COUER) 001630 0000
C 17 SURFACE NODAL POINT TO LErT OF TUNNEL 001640 0000
C SEGMENT - NPLS 001650 0000
C 18 SURFACE NODAL POINT TO RIGHT OF 001660 0000
C TUNNEL SEGMENT - NPRS 001670 000
C 19 EFFECTIUE GRAIN SIZE - DI1 001680 0000
C 20 ANGLE OF INTERNAL FRICTION • P4I 001690 0000
C 2i SOIL COHESION a COHESN 00W00 0000
C 22 SOIL UNIT UEIGHT a GAMMA 001710 0000
C 23 DEUATERING ALLOWED • IWATER 001720 0000
C (0 OR BLANK-NO. 1-ALLOUED) 001'30 0000
C 24 ELEVATION OF IMPER IOUS LAYER - ELIMP 001740 0000
C 25 SOIL PERMEABILITY • PERM 00750 0000
C 26 SUPPORT TYPE - ISUPPT 001760 00
C (1-CAST IRON SEGMENTS, 2-CONCRETE 001770 0000
C SEGMENTS 3,STEEL SEGMENTS, 001700 0000
C 4-STEEL AIBS U/LINING, S-SOLDIER 001790 0000
C PILE-LAGGING, 6-SLURRY UALL) 001800 0000
C 27 ELEVATION OF SOUND ROCK - ELROCK 001810 0000
C 28 OPEN CUT BRACING REQUIREMENT - IBRACE 001820 0000
C (0 OR BLANK-NONE. I -STRUTS 001830 0000
C 2-ANCHORS 3-STRUTS+ANCHORS) 001840 0000
C 29 OPEN CUT DECKING REQUIREMENT • IDECK 001850 0000
C (0 OR BLANK-NO, I-DECKING USED, 001860 0000
C 30 STABILITY NUMBER a STABNO 001870 0000
C 31 STABILIZATION METHOD , MSTAB 00,880 0000
C (0 OR BLANK-NONE, 1-COMPRESSED 001890 0000
C AIR, 2-DEWATERING, 3-GROUND :NJ.) 001900 0000
C 32 USE OF STABILIZATION ME

T HOD - ML5T 001910 0000
C (1,COSTUN SELECT, 2-COSTuN SELECT 001920 0000
C ONLY IF COULD NOT BE EXCAVATED 001930 900
C 3-USER SELECT ONLY IF COULD NO+ 001940 0000
C BE EXCAVATED, 4-USER SELECTS,muST 001950 0000
C USEEVEN IF MSTAB-0) 001960 0000
C 33 AIR PRESSURE - AIRPR 001976 0000
C 34 ACCEPTABLE INPUT STABIL.METHOD- 4STAC 001980 0000
C CI-ACCEPTABLE 2-UNACCEPTABLE) 001990 0000
C 3S MAX AIR QUANTITY FOR COMPRESSED AIR 002000 0000
C SETUP - CAVT 002010 0000
C 36 NODAL POINT OF AIR LOCK - NPLOCK 00200 0000
C 37 MAX HEAT EXCHANGE FOR COOLING PLANT 002030 0000
C SETUP - OT 002040 0000
C 38 FOR ROCK OR SOFT GROUND ..... 002050 e0s

(Continued)
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(OS'IN 1, i st i ng (Cmo t i imlI ) j

C QUANTITv OF HEAT EXCHANGE IN SES 0 002060 0000
c FOR CUT AND COVER .eee?0 ge
C LENGTH OF SOLD. PILE W/ DECK. * SPDLT 00080 0ee
C -- OR -- 002090 000
C DEPTH OF SLURRY WALL • DSLURY 9E100 sees
C 39 CHAR. EXC. DIMENSION • BE 002110 0000
C 40 CHAR. EXC. DIMENSION AT RGD-40 BE40 002120 0000
C 41 CHAR. EXC. DIMENSION AT ROD-60 • BE60 002130 0000
C 42 CHAR. EXC. DIM. W/OD * BOB 002140 sees
C 43 FOR ROCK 002150 0000
C CHAR. EXC. DIM. U/OB RGD-40 * B0B40 002160 0000
C FOR CUT AND COVER ----- 002100 0000
C TOTAL BOX HEIGHT - TOTBOX 002180 0000
C 44 CHAR. EXC. DIM. U/OB , ROD-60 * 30360 002190 0000
C 45 SEGMENT LENGTH - TSESL 002200 0000
C 46 MUCK HAUL DISTANCE - DM 002210 0000
C 47 MUCK HAUL SLOPE - HSLOPE 002220 0000
C 48 MUCK LOADING RATE IN SEGMENT • RML 002230 0000
C 49 ULTIMATE ADVANCE RATE • ARTuLT 002240 0000
C 50 CONSTR. TIME EXC. + LINING * CTT S 002250 0000
C 51 EXCAVATED VOLUME • 0 002260 0000
C 52 TOTAL DEPTH OF TRENCH - DTRNCH 002270 0000
C 53 CUT AND COVER SIDE CUT SLOPE * SIDESL 002280 0000
C 54 VOLUME DISPLACED BY CONC. BOX * VBOX 002290 0000
C 55 VOLUME OF CONCRETE IN BOX • VL 002300 0000
C 56 AREA OF BOX FORMS * FORMAR 002310 0000
C 57 PUMPING HEIGHT - PH 002320 000
C 58 LENGTH OF PIPE FOR PUMPING INFLOWS 002330 0000
C UPHILL • PIPL 002340 0000
C 59 AVG PUMPING FLOW IN TUNNELS - FLOW 002350 0000
C 60 RESIDUAL GROUNDWATER INFLOW • GIR 002360 0000
C 61 PUMPING FLOW ONE DEEP WELL - FLOUL 002310 0000
C 62 CHAR DEPTH O SUPPORTS • WEB/ TPLATE 002380 0000
C 63 FOR ROCK OR SOFT GROUND ----- 002390 0000
C SOIL LOAD - PSOIL 002400 0000
C FOR CUT AND COVER ----- 002410 0000
C UT/FT OF WALER - WTLALE 002420 0000
C 64 FOR ROCK OR SOFT GROUND ----- 002430 0000
v WATER LOAD - PWATER 002440 0000

FOR CUT AND COVER ----- 002450 0000
UT/FT OF STRUT - LTSTRT 002460 0000

c 65 FOR ROCK OR SOFT GROUND ----- 002470 0000
C PSOILPUATER - PTOTAL 002480 0000
C FOR CUT AND COVER ----- 002490 0000
C wT/FT OF ANCHORS • WTANCH 002500 0000
C 66 WT/FT OF UNDECKED SOLD. PILE • LTSP 0025se ee

67 uT/FT OF DECKED SOLD. PILE - WTSPD 002s20 0000
C 68 NUMBER OF WELLS • WELLS 002530 0000
C TRDATA(I,J . TUNNEL REACH DATA (I-REACH NUMBER) 002540 0000
C ITEM J I 1 EXIT SHAFT FOR REACH - NSHAF' 002550 0000
C 2 TUNNEL SIZE • BF 002560 0000
C 3 TUNNEL SHAPE * ISHAPE 002570 0000
C (0 OR BLANK-CUT AND COQER 002580 0000
C 1CIRCLE, 2,HORSESHOE, 3-BASKETHANDLE 002590 0000
C 4 MUCK TRANSPORT METHOD . MTM 002600 0000
C (0 OR BLANK-CUT AND COVER, 002610 0000
C 1-TRUCK,2-CONVEYOR,3-RAIL, 002620 0000
C 4,TRUCK+CONVEYOR IN COMP. AIR) 002630 0000
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C S SEGMENT SEQUENCE NUMBER AT UkICH 9EAC e02640 o0e0
C EXCAVATION BEGINS - NRSEGI 002650 0006
C 6 NUMBER OF SEGMENTS IN REACH - NSEIS 002660 6036
C - INDICATES REACH GOES FROM RT TO L 002670 600
C * INDICATES REACH GOES FROM '.F TO R 00269e 08000
C 7 PEAK REACH MUCK REMOVAL RATE CY/HRJ 00260 6666
c 8 UORK HOURS PER DAY • HOURS 662716 00
C - RMLMAX OR IPRML 0027800 00e
C 9 UORK DAYS PER WEEK - DAYS 602726 000
C 1 FOR ROCK OR SOFT GROUND 0073e 6666
C NUMBER OF SHIELD SETUPS * SETUSH 002740 0000
C FOR CUT AND COVER ----- 0027Se 0000
C NUMBER OF UNITS IN BOX wIDTH - NBOX 002760 0000
C 11 FOR ROCK OR SOFT GROUND 062770 0000
C NUMBER OF MOLE SETUPS - SETUPr 062786 6000
C FOR CUT AND COVER ----- 002790 000e
C TOTAL FINISHED BOX UIDTH - BFBUDT 002800 0000
C 12 FOR ROCK OR SOFT GROUND ----- 002810 0000
C NU1BER OF RIPPER SETUPS • SETuFR 002B20 0000
C FOR CUT AND COVER -002830 006
C TOTAL FINISHED BOX HEIGHT * BFBHT 002840 0000
C 13 DOUBLE BOX DESIGN - IBOX2 002850 0000
C (0 OR BLANK-NO. I.DOJBLE BOX) 00286e 0000
C 14 FOR ROCK OR SOFT GROUND 002870 0000
C TOTAL LENGTH IN COMPRESSED AIR - DTCA 062880 0900
C FOR CUT AND COVER ----- 002890 0060
C DEWATERING TIME - TIMEDW 002900 0000
C IS TOTAL LENGTH REQUIRING COOLING - D'C 00291e 000
C 16 MAX LENGTH OF CUT IN UHICH BACKFILL 002920 eee
C CANNOT BE PLACED - OPEN 002930 900
C 17 TOTAL COST OF LABOR IN REACH a RCL 002940 000

18 TOTAL COST OF EQUIP.IN REACH - RCE 002950 6000
C 19 TOTAL COST OF MATERIAL IN REACH - RCM 002960 000e
C 26 TOTAL COST OF REACH a ROT 00297e 0000
C 21 MAX CC EXC VOL TO DISPOSAL • UDS 002980 000
C 22 VOLUME OF CC BACKFILL FROM CURRENT 662996 80e
C EXCAVATION o UBACEX 063000 00e0
C 23 VOLUME OF CC BACKFILL FROM PREVIOUS 063010 0066
C DISPOSAL - VBACDS 003020 0000
C 003630 6000
C B(I,J) ...... SHAFT SEGMENT ARRAY (I * LOCATION OF SEGMENT IN 003040 0000
C '9' ARRAY, J • AS BELOU) 003056 060
C ITEM J- I SHAFT NUMBER • NSHAFT 003660 0000
C 2 SHAFT SEGMENT NUMBER • NSSEG 003070 0000
C 3 UPPER NODAL POINT OF SEGMENT * NPT 003086 6660
C 4 LOUER NODAL POINT OF SEGMENT * NPB 003090 0666
C S ROCK STRENGTH - RS OR JRS 003100 6660
C 6 R.O.O. • ROD OR JROD 03110 9060
C 7 EXCAVATION METHOD • MEX 00312 0000
C (0 OR BLANK-NONE, 1-DRILL AND 003130 000e
C BLAST 2.,OLECROCK). 3-MOLE(SO L) 003140 6666
C 4.HAN) 03150 0000
C a HEADING ADVANCE RATE - AR 003160 00
C 9 GROUNDWATER INFLO - GI 063170 0000

(6DRY 1-WET) 603180 6060
10 LINING TYPE * LINING 063190 600

(S-UNLINED ICIP CONCRETE 003200 000
C 2mSHOTCRETL. 3*PRECAST CONERETE "3210 of$$
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c CUT AND COVER BOX) a03220 0000
C 11 LINING THICKNESS - TL OR LT OR 'SEG 003230 0000
C 12 SUPPRESSION O

r 
FORMwORK COSTS-NFCRM 003240 000

C LO OR BLANK-POSSIBLE COSTS,1-SJPPRESS 003250 0000
C 13 GROUNDWATER ELEUPTION - ELATR 003260 00o0
C 14 WATERTIGHT LINING REOUIREMENT - LINUT 0032?0 0000
C (0 OR BLANK-NO, 1-UATERTIGH) 003280 0000
0 is SHAFT SEGMENT TYPE - NSSTYP 00;290 0000
C (I-ROCK, 2-SOFT GROUND, 003300 0000
C 3-CUT AND COVER) 003310 006e
C 16 EFFECTIUE GRAIN SIZE - DIO 003320 0000
C 17 SOIL COHESION • COHESM 003330 0000
C is SOIL UNIT UEIGHT - GAMMA 003340 0000
C 10 ANGLE OF INTERNAL FRICTION - PHI 003350 0000
C 20 ELEVATION OF IMPERVIOUS LAYER • ELIMRP 003360 0oo0
C 21 DEWATERING ALLOWED - IWATER 003370 0000
C (0 OR BLANK-NO, IALLOUE;j 003380 0000
C 22 SUPPORT TYPE - ISUPPT 003390 0000
C c:.CAS' IRON 003400 0000
C SEGMENTS, 2-CONCRETE SEGMENTS, 003410 0000
C 3-STEEL SEGMENTS, 4-STEEL RIBS w 003420 000e
C LINING, SOPEN CU': 003430 0000
C 23 SOIL PERMEABILITY * PERM 003440 a000

24 STABILITY NUMBER STABNO 0034O0 oeee
C 25 STABILIZATION METHOD • MS'AB 003460 0000

(0 OR BLANK-NONE, 1-COMPPESSED 003410 0000
C AIR, 2,DEWATERING, 3,GROLN' INJ.) 003480 0000

26 USE OF STABILIZATION METHOD • MLST 003490 000
(1,COSTUN SELECT, 2-COSTUN SELECT 003500 0000
ONLY IF COLD NOT BE ExCAvATED, 003510 0000
3-USER SELECT ONLY IF COULD NOT 003520 0000
BE EXCAVATED, 4-USER SELEC-S,MUST 003530 0000
USE EUEN IF MSTAB-e0 003540 0000

27 AIR PRESSURE • AIRPR 0035s0 0000
28 ACCEPTABLE INPUT STABIL.METHOD- MSTAC 003560 0000

(IACCEPTABLE,2-UNACCEPTABLE 003S70 0000
C 29 CHAR. EXC. DIMENSION - BE 003580 0000
C2 uo ROCK ----- 003590 0000

CHP. EXC. DIMENSION PT RGD-40 • BE4e 003600 0000
FOR SOFT GROUND 00361e 0000
S0l LOAD • PSOIL 003620 0000

31 FOR ROCK -- 003630 a0oe
CHAR. EXC. DIMENSION AT ROD,60 • BE60 003640 000e

C FOR SOFT GROUND ----- 003650 0000
0 PSOIL PWATER * PTOTAL 003660 0000
c 32 CHAR. EXC. DIM. /OB • BOB 003670 0000

33 CHAR. EXC. DIM. W/OB , ROD,40 • BoB4e 003680 0000
34 CHAR. EXC. DIM. W O8 ROD-60 B 30360 003690 0000

C 3S SEGMENT LENT - SSEGL 003'00 0000
C 36 HOISTING HEIGHT * HH OR SEGDEP e83710 0000
C 3? MLCK LOACING RATE IN SEGMENT - RML 003720 e000
c 38 EXCAvATED UOLUME • v 003730 0000
C 39 L"TIMA'E ADJANCE RA'E - ARSULT 003740 0000
C 40 CONSTR. TIME EXC. + LINING • OTSS 003750 O00
C 41 CHAR. DEPTH OF SUPPORTS - wEB' TPLATE 003760 0000
C 42 PUMPING FLOW, ONE DEEP JELL • FLOI.L 003770 0000
C 43 wATER LOAD - PUATER 003780 0000
c 003790 0000
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C SHAFTCI,J) .. SHAFT INFORMATION (I-SHAFT NUMBERI 003808 0000
C ITEM J - I LOCATION IN THE '8' ARRAY IN UH:C H ee3810 0000
C FIRST SHAFT SEGMENT CP S"AF- 1 IS 003820 0000
C STORED - NSSEGI 003830 0000
C 2 NODAL POINT AT TOP OF SHArT - NPTS 003840 0000
C 3 NODAL POINT AT BOTTOM OF SHAFT * NPBS 003850 0000
C 4 NUMBER OF SEGMENTS IN THIS SHAFT 003866 0000
C - NSEGS 0038?0 0006
C 5 DISTANCE TO THE DISPOSAL SITE - DDS 003S80 0000
c 6 COST OF DISPOSAL SITE - CDS OR ICDS 003890 0000
C 7 SHAFT SIZE * BF 003900 0008
c 8 DEPTH OF SHAFT 003910 0000
C 9 TOTAL UOLUME OF EXCAVATED MATERIAL 003920 0000
C 9 TOTAL VOLUME OF EXCALVATED MA

T ERIAL 003920 0000
C TO BE TAKEN OUT THRU THIS SHAFT 003930 0000
C 10 PEAK MUCK REMOVAL RATE SHAFT (CY/HR) 003940 0000
C - RMLMAX OR IPRML 003950 0000
C 11 AVERAGE SUMMER ABOVE GROUND AIR 003960 0000
C TEMPERA TURE AT TOP OF SHAFT • AIR

T EM 003970 000
C OR IARTEM 003980 0000
C 12 COST FACTOR FOR LABOR - CFL 003990 0000
C 13 COS T FACTOR FOR EQUIPMENT • CFE 004000 0000
C 14 COST FACTOR FOR MATERIALS • CFM 004010 000
C 15 REGIONAL COST FACTOR • RCF 004020 0000
C 16 SHAFT SHAPE - ISHAPS 004030 0000
C (0 OR BLANK-DUMMY, I-CIRCULAR, 004040 0000
c 2,SGUARE) 004050 0000
C ? WORK HOURS PER DAY • HOURS 004060 0ea
C 18 WORK DAYS PER UEEK • DAYS 004070 0000
C 19 TOTAL COST OF LABOR IN SHAFT • SCL 004080 0000
C 20 TOTAL COST OF EQUIP IN SHAFT - SCE 004090 0000
C 21 TOTAL COST OF MATERIAL IN SHAFT • SCM 004100 0000
C 22 TOTAL COST OF SHAFT • SCT 004110 0000
C 23 PORTALS - NPORT 004120 0000
C (0TRUE SHAFT,I.PORTAL) 004130 0080
C LIST(I) ..... ARRAY OF PRINTOUT OPTIONS 004140 0000
C ITEM I • 1 NODAL POINT ELEVATIONS 004150 0000
C 2 TUNNEL INPUT DATA 004160 0000
C 3 SHAFT INPUT DATA 004170 0000
C 4 CALCULATED TUNNEL DATA 004180 0000
C 5 CALCULATED SHAFT DATA 004190 0000
C 6 TUNNEL SEGMENT AND REACH COSTS 004200 0000
C 7 SHAFT SEGMENT AND SHAFT COSTS 004210 0000
C 8 TUNNEL REACH COST SUMMARY 004220 0000
C 9 SHAFT COST SUMMARY 004230 0000
C 10-40 UNUSED AT PRESENT 004240 0000
C IF THE VALUE OF LISTCI) IS ZERO OR BLANK, LISTING OF 00425e 0000
C ITEM WILL OCCUR. IF VALUE IS ONE,LISTING LILL BE 004260 000e
C SUPPRESSED. :TEM NUMBER IS SAME AS DATA CARD COLLMN 004270 o000
C NUMBER. 004280 0006
C 004290 0000
0 004300 0000
C004310 0000
C ------------------------------------------------------------------ 004320 0000
C 004330 0000

21Z*99si2t INPUT TUNNEL SYSTEM LOCATIONS AND CHARACTERISTICS 1 004340 0000
c 0e4350 0000
C - ---------------------------------------------------------------- 004360 0000
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C ................................................................. a- 4370 0000
COMMON /BASIC/ NSSNTS e04380 0020
COMMON /A/ LO LI Pm OM LIST(40),TITLE .60),STABEG,ITvPE 004390 0000
COrbON /F/ IEAROR 'ITOA 004400 0000
DIMENSION A(NTSMAX,68),B(NSSMAX,43),CNP(NPMAX,2),SHAFT(NSMA.,23), 004410 0000

I TRDATA(NTRMAX,23) a04420 0000
C -.. ---------------------------------------------------... --- 004430 0000
C 004440 0000
C 004450 0000

ISTOPse 004460 0000
C Z 004470 0000
C 004480 0000

IPR*S 004490 OeOO
C READ NODAL POINTS AND STORE IN CORE *EE***Z** i*S 004500 0000
C 004510 0000
C INITIALIZE NODAL POINT ARRAY 004520 0000

DO 15 I-1,NPMAX 004530 OeOO
15 CNPCI,2)--16.E30 004540 0000

S6004550 000e
C N-NODAL POINT NUMBER, Y-NODAL POINT ELEUATION 004560 0000

20 READ(LI,1000) N,'y 004570 0e00
C CHECK FOR MISSING SEPARATOR CARD 004580 00e

IF (Y.LT.50000. GO TO 21 0045ge 0eoe
ISTOP - I 004600 0000
WRITE (LO,lSO0) 00461a 00ee
GO TO 425 004620 000

21 CONTINUE 04630 o0ee
C CHECK FOR END OF NODAL POINT COORDINATES 004640 0000

IF(N.EO.9999) GO TO 30 004650 0000
IF(N.GT.NPMAX.OR.N.LE.0e GO TO 25 064660 OOeO

C 004670 000e
C CHECK FOR PREVIOUS DEFINITION OF THIS NODAL POINT 04680 0000

IF(CNP(N,2).GT.-Ie.E29) ISTOP-1 004690 0000
IF(CNP(N,2).GT.-10.E29) WRITE (LO.1013) N 004700 000e
CNP(N,2)-Y 004710 0000
GO TO 20 004720 000e

25 URITE(LO.1001) N,NPMAX 004730 ooee
ISTOP- 1 004740 0000
GO TO 20 004750 0000

C END OF NODAL POINT INPUT 004760 0000
30 CONTINUE 0047?0 0o00

C 004780 0000
C E 004790 0000
C 0a4800 0000
C READ TUNNEL SEGMENT INFORMATION AND STORE **ZRUz 004810 00o
C 004820 0000
C INITIALIZE TUNNEL SEGMENT ARRAY 004830 0000

DO 40 1,1,NTSMAX 004840 e000
40 A(I, )=-lg.E30 004850 0000

ItIhALIZE THE REACH ARRAY 004860 0000
DO 41 I-1,nTRMAX 00487e 0000

41 TRDATA(UI]-Ie.E30 004880 0000
C 004890 000o
C I-SEGMENT SEQUENCE NUMBER 004900 0000

I-e 0e4916 0000So 1-1*1 004920 0000
................................................................. 004930 o0000

C 04940 0000
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664940 $00
C VHECK FOR MAX NUMBER OF SEGMENT CARDS 064550 see.

(I.LE.NTSMAX) GO TO 52 664966 see.
C ------------------------------------------------------------------ 0676 so"
C CHECK FOR END OF TUNNEL SEGMENT DATA. NDUM*DUMMY SEGMENT NUMBER 664986 ees

51 READ(LZI1ee) NDUM 004PI 8080
IF(NDUM.EO.9999) GO TO 75 865448 east
WRITECLO. 14l16 NTSMAX *eseie ees
ISTOP. sesI *2W560
GO TO s1 005030 ee

C - ----------------------------------------------------------------- 665640 00o
C assess e6ee

S CONTINUE 6ose6 6060
C READ SEGMENT DATA FROM CARD 8567s0ees

READ(LI,165) (A(I,J),J-1,3.ACI,4S) ,(A(IJ),.J4,16) 465080 eee
NTSEG-A(I eese4e eese
NREACHA(1,4) seslae 0e00
NTSTYPA(I,16) 065110 060

C ------------------------------------------------------------------ 9605120 0060
C CHECK FOR LAST TUNNEL CARD 665130 0669

IF(NTSEG.EQ.9999) GO TO 75 095140 6666
C CHECK FOR MISSING SEPARATOR CARD e6s1se 00

IF(NTSTYP.NE.0) GO TO S3 89S164 006
ISTOP * 1 995170 0996
WRITE(LO,ISI) $Oslo eee

53 CONTINUE essie esee
C - ---------------------------------------------------------------- 6 0es6 ee
C CHECK FOR PROPER TUNNEL TYPE CODE 0521s ees

IF(NTSTYP.GE.1.AND.NTSTYP.LE.3) GO TO 536 995220 0060
ZSTOP-1 005230 000
IJRITE(LO 2000) NTSEGNREACH 65240 0060
GO TO 424 665259 0690

536 CONTINUE 6s266 0660
C ---------------------------------------------------------------- 0527. ee
C READ SECOND SEGMENT DATA CARD IF NOT ROCK TUNNEL 065289 000eIF(MTSTYP.GT.1) READ(LI.1806) (A(I,J),J@17o33) @Osage eae

..................................................................- eeS3ee eae
CHECK FOR PREVIOUS USE OF REACH NUMBER 6s316 0668
IF(I.EO.1) GO TO 535 605326 e 90
IF(NREACH.EG.IPR) GO TO 54 995336 0699
IF(TRDATA(NREACH 1).LT.-16.E29) GO TO 535 095346 6666
1JRITE(LO, l22) N+SEGNREACH 9953S 6660
ISTOP-1 e6s360 066

535 TRDATACNREACH,I),S. 005370 600
54 CONTINUE 00S380 6666

C ----- --------------------------------------------------------- 60 s396 se9e
C CHECK THAT TUNNEL SEGMENT CARDS HAVE BEEN PROPERLY ARRANGED 06546, 600

IF(I.EO.1) GO TO 57 06416 0666
56 IF(A(I 2) EQ A(I-1 3)) GO TO S? 6s420 6666

WRITE(LOiSli) NTStG.NREACH 96S436 066
ISTOPel o6446 0006

57 CONTINUE 05456 6060
c - ---------------------------------------------------------------- 0 0s460 60
C CHECK THAT ALL TUNNEL NODAL POINTS HAVE BEEN INPUT os476 6666

NPLA(IoI) 665481 0666
NPRACI3) S0S496 6006
ELNPL*CNP(NPL,e) 665se 6666
ELNPRmChP(NPR,) 86611 ees
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ELAUG*-CELNPL.(LNPR )4. *,;+as a...
C *YPAUS CHECK FOR HOTAL INPUT

1F(ELNJL.GT.-1s.Eag.AND.ELNPR.GT.-Ig.E29) GO TO St *OSS3@ *I00
WRITEILO,1031) NTSEG.NREACH 04540 MI
ISTOP-i ..ss, gees

It CONTINUE OOSSiO 0o0
C --------------------------------------------------------------- - ss 5 0oo
C CHECK FOR PROPER EXCAVATION METHODS IN TUNNEL SEGMENTS toses8, see

MEX-AC, 7) *eSSe eeee
IF(CEX.6E.I.A PD.MEX.LE.7) GO TO 65 0,5686 eog
ISTOP-1 t561e ee.
URITE(LO, 1530)MTSEGNREACH 665626 sees

6 CONTINUE 005630 sase
C ------------------------------------------------------------------ 905640 eag.
C CHECK FOR PROPER EXCAVATION METHOD FOR TUNNEL TYPE SPECIFIED sesise ease

IF(NTSTYP.EG.I.AND.MEX.GT.2) GO TO 6S8 0S5660 000
IF(NTSTYP.EG.2.AND.MEX.LT.3.OR.NTSTYP.EQ.a.AND.MEX.GT.S3 GO TO 65e 05670 5050
IF(NTSTYP.EO.3.AND.MEX.LT.6) GO TO 650 9SES8 sees
GO TO 65S 99s690 ease

680 ISTOPo. esS7e seee
WRITE(LO.2e5s) NTSEG,NREACH OS710 ee.O

SS CONTINUE os720 ee0
C - ----------------------------------------------------------------- 05'3. sees
C CHECK FOR CONTRADICTION OF SPECIFYING A THICKNESS FOR NO LINING 005740 ee

LININGA(I,10) 5SO seeo
IF(NTSTYP.NE.l.OR.LINING.NE.S) GO TO 67 *OS760 ee.TLGA(l 11) 005770 8606
IF(TL.tE.0Iel ) GO TO 67 005780 00e0
WRITE(LO,104S) hTSEG,NREACH OWN79 se55
ISTOP-1 aess seese

67 CONTINUE essais sees
C ..-------------------------------------------------------------- esee eSee
C CHECK FOR PROPER LINING TYPE CODE 005835 ee
C BYPASS CHECK FOR PROPER LINING CODE

GO TO 70
IF(LItNG.GE.5.AHD.LINING.LE.3) GO TO 68 0B5840 050
RITE(LO.143) HTSEG.NREACH esese seo
ISTOP-1 OeS860 5ee5

68 CONTINUE 5575 0505
C - ----------------------------------------------------------------- esse ease
C CHECK FOR PROPER LINING CODE FOR TUNNEL TYPE SPECIFIED ese5 sees

IF(NTSTYP.LT.3.AND.LINING.NE.3.OR.NTSTYP.EQ.3.AND.LIt4IG.EQ.1.OR. esS969 ease
1NTSTYP.EQ.3.AhD.LINING.EQ.3) GO TO 7e 995910 ese
ISTOP.1 oessa ease
WRITE(LO,2010) NTSEG,NREACH 005930 0ee0

C -------------- --------------------------------------------------- 5 945 0055
C CHECK FOR ADVANCE RATE NOT SPECIFIED essee sees

70 AR.A(I 8) es8e6 ee
F(AR.... GO TO 71 e597 0100e1

C - ----------------------------------------------------------------- ees8e e5
C CHECK FOR ADVANCE RATE LESS THAN S FT/DAY 555996 ease

IF(AR.GT.5.S) GO TO 71 s6000 5565
ISTOPOI 006010 "Of
WRITE(LO,165) NTSEG.NREACH o060?0 "to

C----------------------------------------------------------*006834 "Of
C CHECK FOR ROCK STRENGTH GREATER THAN SO PSI 0604 0eo9

71 RS,(XS) 0660 eI

(Continued)

A31



Co( ) '11N .i Liii. ((mi t i it-d

I F tR.LT.6N. .AND.NTSTYP.EG. I WRITE(LO,1 060) NTSEG,NREACH e 060 ee0
C ------------------------------------ e*607 s e.
C CHECK FOR PROPER WATERTIGHT CODE SE6*80 ee

LINWTGA(I 15) 06090 sees
I (LINUT.fO.S.OR.LINWT.EG.1) GO TO 10 ss6100 3ee,
ISTOP-1 056110 eeo
WRITE(LO,2eIS) NTSEG,NREACH 006120 *eee

716 CONTINUE 006130 eee
c - ---------------------------------------------------------------- essi64. sees
( ALL CUT AND COVER BOX SEGMENTS ARE DESIGNED AS WATERTIGHT - 0061S0 0000
C INPUT IGNORED 006160 0e00

IF(NTSTYP.EO.3.AND.LINWT.EO.e) WRITE(LO,217) NTSEG,NREACH 006170 00
.---------------------------------------------------------------- 006180 Soo

C A LINING OR SUPPORT MUST BE SPECIFIED WHEN WATERTIGHTNESS REGUIRED 056190 e000
ISUPPT-A(, 26) 006200 0600
IF(LINWT.E6.6.OR.LINING.GT.0) GO TO 711 666210 s0e
IFMTSTYP.GT.I.AND.ISUPPT.LE.3) GO TO 711 006220 000
ISTOP-1 006230 0000
WRITE(LO,20ae) NTSEG,NREACH 00624e s00e

C-----------------------------------------------------------------6 062se 0068
C CHECK IF GROUNDWATER ELEVATION NOT INPUT AND WATERTIGHT REQUIRED 006260 600

711 ELWATRA(I,14) 06270 0000
IF(LIN T.E .i.AND.ELWATR.EG.f.) WRITE(LO.2025) NTSEGNREACH 086280 eeo

C-----------------------------------------------------------------6 86290 ease
C CHECK IF TUNNEL TYPE NOT ROCK AND GROUNDWATER ELEV. NOT SPECIFIED 096300 0806

IF(NTSTYP.GT.I.AND.ELUATR.EG.O) WRITE(LO,2925) NTSEG,NREACH 06310 0066
C------------------------------------------------------------------0 6320 0000
C CHECK FOR PROPER TUNNEL CODE IF ROD IS LESS THAN 25. 006330 0060

ROD-A(I.6) 006340 e0e
IF(NTSTVP.GT.1.ORROD.GE.25.)GO TO 712 006350 060
ISTOP-1 006360 0500
WRITE(LO,2930) NTSEGoNREACH 006370 0000

712 CONTINUE 06380 000
C - ---------------------------------------------------------------- 006390 soot
C IS TUNNEL IN SOFT GROUND AND ROD GREATER THAN 25. 606460 000

ZF(NTSTYP.EO.2.AND.RGD.GT.2S.) URITE(LO,2635) NTSEG,NREACH 006410 e00
C----------------------------------------------------------------- 06420 ee0
C CHECK FOR ROD BETWEEN 0 AND 100. 006430 000

IF(ROD.GE.O.O.AND.ROD.LE.10.) GO TO 713 006440 6900
WRITE(LO. 1662) NTSEGNREACH 006450 0000
ISTOP-I 006460 6000

C - ---------------------------------------------------------------- 006470 0000
C CHECK REMAINING DATA IF TUNNEL IS NOT IN ROCK 06480 0000
713 IFtNTSTYP.EQ.1) GO TO 74 006490 000

C - ---------------------------------------------------------------- 60650 060
C CHECK THAT TUNNEL SURFACE NODAL POINTS HAVE BEEN PROPERLY ARRANGED 006510 0000

IF(I.EG.1) GO TO 7130 006520 000
C CHECK FOR PREVIOUS SEGMENT IN ROCK 006536 600

NSTYPE-A(I-1,16) 006S45 000
IF(NSTyPE.EG.1) GO TO 7130 006SS0 0e0
NPLSeA(1,17) 006560 000
NPRSA(I-1,181 00670 0000
IF(HPLS.EO.NPRS) GO TO 7130 6658 0000
ISTOP-1 s069e sees
WRITECLO,2e40) NTSEG,NREACH 006600 00

0 ------------------------------------------------------------- esssie e0ee7130 NPLS*A(1,17) $06620 000

NPRSoA(1,18) 006630 066
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Z L N L I -Ct4P I lP L I ,E )  06 ls
EM SO$CHP(has a) 30"650eeo

C CHECK THAT ALL +UMMEL SURFACE NODAL POINTS 4AVE SEEN INPUT 086660 800
3 LNPLS.GT.-LO.EI9.AND.ELNPRS.GT.-1S.E89) GO TO 714 "so

S -I p-1eo 
m e

RITE(LO.as45) NTSEGNREACH 0e690 Me
714 CONT~I~NU 00700 Me

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 606716 " s0o
C CHECK THAT SURFACE NODAL POINT ELEVATIONS ARE ABOVE TUNNEL ELEV. 00676 "006

IF(ELNPLS.QE.ELNPL.AND.ELNPRS.GE.ELNPR) GO TO ?IS 096730 es
ISTOP,1 06746 wee
URITECLO,200) NTSEG,NREACH 0667s0 0e06

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 06 766 Otto
C CHECK IF EFFECTIVE GRAIN SIZE IS INPUT 006770 0000

715 DIO-A(I 19) 0"789 6e0
IF(DIO.6T.0) GO TO 716 06790 060
ISTOP=1 683e 00eeee
URITE{LOo2SS) NTSEG,NREACH *esesi see$

C - ----------------------------------------------------------------- 006880 604
C CHECK THAT PHI AND/OR COHESION ARE SPECIFIED 066836 eg.s
716 PHIMA(l ,9) 006840 0o

COHESNaA(1 a) 00685e eee
IFcPHI.GT.e.OR.COHESM.GT.e) GO TO 7160 096860 000
ISTOP-1 006870 0600
URITE(LO,2606) NTSEGNREACH eoeeo eeeo

7166 CONTINUE 666890 "0es
C --------- ------------------------------------------------------- 00690 Ie
C CHECK FOR POSSIBLE ERROR IN PERIAEABILITY INPUT 06916 100

PER .A(I aS) 99629a Le
IF(PERM.6T.10) URITE(LO.061) NTSEG,NREACH 006930 000

C-----------------------------------------------------------------06940 00e
C CHECK IF PHI GREATER THAN 45 - UARNING OR GREATER THAN 100 -ERROR 006950 00

IF(PHI.GT.4S.) URITELO.2062,) NTSEGNRACH 006960 0000
IF(PHI.LT.i00.) GO TO 716S 00697 000e
ISTOP-I 066936 0060
URITECLO.2e63) NTSEG,MREACH 006990 e9

C-----------------------------------------------------0 07080 8000
C CHECK IF GAMA GREATER THAN 260 007010 ee
7165 GAM"AsAtI W2) 00708 sees

IF(GAMMA.LE. .) 0GO TO 717 007030 0000
ISTOPwt 007040 000
URITE(LO,2064) NTSEGNREACH 0070SO 000

C -------- ------------------------------------------------------ 007060 eee
C CHECK FOR PROPER DEWATERING CODE 007070 0000
717 IUATERA(I 23) 007080 000

IF(IWATER.HQ,6,OR.IATER.EO.1) GO TO 7176 047690 000
ISTOP*% 007160 0006
URITE(LO,2065) NTSEGNREACH 007110 S666

C - ---------------------------------------------------------------- 007180 000
C CHECK IF IMPERVIOUS LAYER IS A REQUIRED INPUT 007130 000
7170 IF(HTSTYP.EGQ3) GO TO 713 007140 0600

MSTADA(I 31) 007150 00
MUST-ACI 58) 067166 066
tF(MUST.IE.3.AHD.MSTAl.ME.a) GO TO 7185 007176 oe*@
IF(IUATER.EG.G.OR.PERN.LT.1O.E-O.AND.DIS.LE.0.S.OR.PER.GT. 607110 006
III.E-1.AMD.PERM.LE..6006) GO TO 7186 07190 6666

C CHECK IF DErIATERIG ALLOWED AND IMPERVIOUS LAVER NOT SPECIFIED 007310 0000
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C OR IR4VIOUS LAYER NOT SPECIFIED FOR CUT AND COVER 007330 00e
713 [LZNP.A(I 84) 60723 060

IF(ELIMP.O0.e.) WITE(LO.3270) NTSEGoNREACH 007240 000
C - - - - - - - - - - -- - -- - - - - - - - -- 00736 6 0 0
C CHECK IF IMPERUIOUS LAYER ELEVATION IS RELOU SJRFACE ELEVATION WE7"6 600o

ELOUR.(ELNPLS+ELNPRS)/2. 007276 0060
IF(ELZI.LE.ELSURF) GO TO 718 00720 0006
ISTOPOI 07396 eee
WRITE(LOa073) NTSEGNREACH 00730 066

713 CONTINUE 007310 06
C - ---------------------------------------------------------------- 007320 0o
C CHECK IF OPEN CUT IS ENTIRELY IN ROCK 007330 600

ELROCK- ( 27) 607340 0000
IF(NTSTYP.EG.3.AND.ELROCK.EO.ELSURF) GO TO 7185 007350 000

C ...............................--------------------------------- 007360 600
C CHECK IF IMPERVIOUS LAYER IS AT THE SURFACE AND GRAIN SIZE IMPUT 007370 0000
C DOES NOT INDICATE A CLAY. 007380 0906

IF(ELInP.LT.ELSURF.OR.DI8.LE.0.605) GO TO 7185 007390 0600
ISToPm1 007400 0600
URITECLO,2073) NTSEGNREACH 007410 000

7186 CONTINUE 007420 0000
C - -------.------------------------------------------------------- 007430 0000

IF(MEX.EQ.7) GO TO 7295 007440 0000
C CHECK FOR PROPER SUPPORT CODE 007450 0000

IF(ISUPPT.GE.L.AND.ISUPPT.LE.6) GO TO 719 007460 0000
ISTOP-1 007470 0000
URITE(LO,207)5 NTSEG.NREACH 067480 000

719 CONTINUE 007490 0000
C - --------------------------------------------------------------- 007500 00
C CHECK FOR PROPER SUPPORT CODE FOR TUNNEL TYPE SPECIFIED 007510 0000

IF(NTSTYP.EO..AND.ISUPPT.LE.4.OR.NTSTYP.EQ.3.AND.ISUPPT.GT.4) 007520 0006
IG0 TO 720 047530 0000
ISTOP,1 007540 0000
WRITE(LO.20 0) NTSEG,NREACH 007550 000

736 CONTIHUE 007560 0o0
C -------- --------------------------------------------------------- 607570 008
C CHECK FOR PROPER LNIlNO CODE FOR SUPPORT TYPE SPECIFIED 007690 0000

IF(ISUPPT.LE.3.AND.LINING.Eg.0) GO TO 7205 007590 0000
IF(ISUPPT.GT.3.AND.LINING.EQ.@) GO TO 7200 007600 0000
IF(ISUPPT.E0.4.AND.LINING.NE.3) GO TO 7205 007610 0000
IFCISUPPT.GT.4.AND.LINING.NE.2) GO TO 7205 007620 0000

7866 ISTOP-1 007630 0000
C URITE(LO,20852 NTSEGNREACH 007640 000

-- --------------------------------------- 007650 000CHECK IF SOFT GROUND TUNNEL 007660 0000
706S IF(NTSTVP.EG.a) GO TO 725 007670 006
C----------------------------------------------------------------- 007680 0o
C CHECK FOR ROCK ELEU. IF TUNNEL IN CUT AND COVER 007690 f0

IFCELROCK.EQO..) URITE(LOo2090) NTSEGNREACH 007700 000
C----------------------------------------- 007716 e0CHECK IF ROCK ELEVATION IS VELOU GROUND SURFACE ELEVATION 07710 6660

IF(ELROCK.LE.ELSURF) GO TO 7210 007730 6009
ISTOP,$ 007740 0666
URITE(LO.2098) NTSEGNREACH 00776 0000

7310 CONTINUE "07760 06e6
C---------------------------------------------------------------- 007776 0000C CHECK IF DOX DEPTH IS GREATER THAN 101 FEET 007780 O000

DTUNoELSURF-ELAUG 007796 t000
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IFCDTUNOT.1O0.) URITE(LO.1094) NTSEG.NNEACH G0730, 4O1
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- O07I a "000
C CHECK FOR PROPER $RACING CODE 0071i "0o0

IBACERCI.30) O07830 0"1
!7(IIRAcE.6E.$.D.ISRmCE.LE.3) 00 TO 733 007840 0000
ISTOPI 007150 o00f
URI? (LO.295) MTSEG.NREACH 007861 "o0

733 CONY NUE 00784 eeo0
C CUT.. .. ... .. .. ... .. .. .. ... .. .. ... .. .. ... .. .. .- 0073 6 0
C CHECK IF CUT AD COUP (ERTCAL) AND BRACING CODE NOT SPECIFIED 67890 006

DROCK-ELSURF-ELROCK 007900014
IF(IBRACE.QT.0.0R.MEX.NE.6.OR.DROCK.LT.0.l) GO TO 724 007910 000
ISTOPel 06790 0 41
hRITE(LOJ1oe) NTSEG,NREACH 007930 0006

C - ---------------------------------------------------------------- 0 07940 00
C CHECK FOR PROPER DECKING CODE 007950 0000
7P4 IDECKA(I 29) 079860 0006

IF(IDECK.E0.9.OR.IDECK.EG.l) 00 TO 74 007976 000
ISTOP.1 667980 0060
URITE(LO,2105) NTSEG.NREACH 007990 Oe6
Go TO 74 008000 000

C - ---------------------------------------------------------------- 0 801, 0000
C CHECK FOR HIGH STABILTY NUMBER - MAY RESULT THAT JOB UNEXCAVATABLE e08020 0000
716 STABNOA(I 30) 09803 0000

IF(STA3NO.LE.9.AND.PHI.LT.29.OR.STANO.LE.7.AND.PHI.GE.29) 003040 006
I GO TO 72S0 0sets0 0o
ISTOP-1 008060 000
URITECLO,2115) NTSEG.NREACH 008070 0000

C -------------------------- --------------------------------------- 00008 0e0
C CHECK FOR PROPER STABILIZATION METHOD CODE 008090 000
7250 RSTA3,A(I 31) 001100 e0e

IF(MSTAB.6E.0.AND.MSTAlB.LE.3) GO TO 726 0010 0et
ISTOP*l 008120 0000
URITECLO,21ag) NTSEGNREACH 008130 0006

C -------------------------- --------------------------------------- 003140 ees
C CHECK FOR PROPER USE CODE FOR STABILIZATION METHOD 00310 0ee0
786 MUSToA(Q 32) 008160 0000

IF(MUST.6E.1.AND.MUST.LE.4) GO TO 7a7 008170 000
ISTOP-1 e011e 0o0
WRITE(LO,2125) NTSEGNREACH 008190 000

C-------------- --------------------------------------- 030 0000 Sos
C CHECK FOR AIR PRESSURE INPUT IF STABILITY NUMBER INPUT AND 008210 0000
C AIR PRESSURE STABILIZATION INPUT 0032a0 000

73? AIRPRA(I,33) 008330 0000
IF(ST INO.G?.6.0.AND.MSTAB.EG.I.AND.AIRPR.Eg.6.O) GO TO 7270 008240 00
GO TO 78 008250 0e

7270 ISTOPoI 0360 9400
UAITECLO.3130) NTSEGNREACH 008270 e000

718 CONTINUE $632300"00
C . . . . . . ..-------.------------------------------------------------- "320ees 0
C CHECK FOR USE CODE e4 UHEN STABILITY NUMBER IS SPECIFIED 048360 000

IF(STA NO.EQ.0.f.OR.MUST.EO.4) 00 TO 739 043310 000
ISTOPe1 0832 00410
URITE(LO41365 NTSEGNREACH 008330 0e0

719 CONTINUE 044340 00
C ------------------------------------------------------------------ 648350060"
C CHECK IF STABILIZATION METHOD NOT COMPRESSED AIR 3UT AIRPR GT 0 068360 0400

IF(M6STAl.EQ.1.OR.AIRPR.EG.*.] GO TO 7190 00"370 0000)
ISTOP*. i08380 00e

(Continued)

A35



coSTUN Listing (Continued)

WRITE(LO,8137) NTSEGNRE4CH 008390 0000
7a9 CONTINUE 0884800 o
C .. 08418 8000
c CHECK IF STABILIZATION METHOD AGREES wITH USE CODE 008420 000

IF(iSTAi.GE.e.AND.MUST.EO.4.OR.MSTAB.GT.O.AD.MUST.EO.3.OR. 008430 0000
IMSTAD.EO.8.AHD.MUST.LT.3) GO TO 730 008440 0000
ISTOP*1 008450 000
RITE(LO.2140) NTSEGNREACH 008460 000

730 CONTINUE 008479 0888
C - ---------------------------------------------------------------- 008480 000
C CHECK IF STABILIZATION METHOD IS INPUT 008490 8888

IF(MSTA3.EO.O) GO TO 74 08858 0080
C - ----------------------------------------------------------------- 8 10 0000
C CHECK IF STABILIZATION METHOD IS ACCEPTABLE 008520 0000

GO TO (731,732,733), MSTAB 808530 0000
C - ----------------------------------------------------------------- 008540 000
C AIR PRESSURE -- CHECK IF SOIL 1S A GRAVEL 008550 0000

731 IFCPERM.LT.10.E-10.AND.D18.GT.2.) GO TO 734 008560 0000
IF(PERM.GT.O.4) GO TO 734 008570 0000

C CHECK IF SOIL IS CLAY 00850 000
IFCD1.LE.e.005) GO TO 737 008590 0000

C CHECK IF TUNNEL ABOVE GROUND WATER TABLE 008600 0e0
IF(ELUATR.LT.ELAUG) GO TO 737 008610 0000

C CHECK IF WATER HEAD LESS THAN 115 FEET 00862Z 0e00
IF(ELUATR-ELAUG.LE.115.) GO TO 737 00863U 0000
GO TO 734 008640 0000

C ------------------------------------------------------------------ 008650 0000
C DEWATERING -- CHECK IF DEWATERIG IS ALLOUED 008660 0000

732 IF(IATER.EQ.O) GO TO 734 008670 0000
IF(D1.LE.0.005) GO TO 734 008680 0000

C CHECK IF TUNNEL IS ABOVE GROUND WATER TABLE 008690 0000
IF(ELUATR.LT.ELAVG) GO TO 734 008700 0000

C CHECK IF SOIL IS FINE SAND OR COARSER OR IS REASONABLY PERMEABLE 008710 000
IF(PERM.LT.10.E-10.AND.DIO.GT.e.08) GO TO 737 008720 0000
IF(PERM.GT.e.0006) GO TO 737 008730 0000
GO TO 734 008740 000

C ------------------------------------------------------------------ 008750 0000
C GROUND INJECTIONS -- CHECK IF SOIL IS NOT CLAY 008760 0000

733 IF(Dle.GT.e.005) GO TO 737 008770 0000
C - ---------------------------------------------------------------- 8 08780 0000
C STABILIZATION METHOD IS NOT ACCEPTABLE 008790 0000

734 MSTAC-2 008800 00e0
C CHECK IF USE CODE EQUALS 4 008810 0000

IF(MUST.EG.4) GO TO 73S 008820 0000
URITE(LO 2145) NTSEGNREACH 008830 0000
GO TO 738 008840 0008

735 ISTOP-1 008850 0000
WRITE(LO 2147) NTSEG,NREACH 008860 0000
GO TO 738 008870 0000

C -- ---------------------------------------------------------------- 8 88880 0000
C STABILIZATION METHOD IS ACCEPTABLE 008890 8000
737 MSTAC-1 088900 0000
738 A(C,34),MSTAC 008910 0000
74 IPR-NREACH 008920 0000

C --------- --------------------------------------------------------- 008930 0000
GO TO 50 008940 0000

C END OF TUNNEL SEGMENT DATA 008950 000
75 CONTINUE 988969 0998
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*0890 0000
TS.- 990 0000

C 00010 ase
C READ REACH DATA FOR TUNNELS 0090 0 ee8
C a94930 000e
C INITIALIZE REACH ARRAY M89640 0000

DO 86 I .NTRMAX 9695 0000
80 TRDATACI.1)--IO.E30 $@So6 ee0

C 099070 0000
c ------------------------------------------------------------------ 006080 0000
C READ REACH DATA FROM CARD 009090 0000

81 READ (LI 1020) NREACH NSHAFT,DFT,ISHAPE,MTM,HOURSDAVS,NBOX, se0ie0 0000
IPFBUDTBfBHT, IDOX2,ISkPCK 009110 0000
IF(NREACH.EO.g999) GO TO 86 009120 0as

C CHECK FOR MISSING SEPARATOR CARD 009130 000
IF(ISEPCK.EO~e) GO TO 82 00914e ees
ISTOP -* 009150 0000
WRITE (LO,1502) 0091i0 00o
GO TO 425 009170 0000

82 CONTINUE 009180 0000
IF(NREACH.LE.NTRMAX.AND.NREACH.GT.e) GO TO 84 0e0se 000e
IRITE(LO,101t) NREACH,NTRMAX 00900 000
ISTOP=1 es1 eee
GO TO 81 009220 0000

84 CONTINUE 009230 0000
C - ----------------------------------------------------------------- 009240 00
C CHECK FOR FINISHED DIMENSION BETUEEN 10 AND 40 FEET 009250 0000

IF(ISHAPE.GT.e.AND.BFT.LT.10..OR.ISHAPE.GT.O.AND.BFT.GT.40.) 999260 0000
IWRITE(LO,1064) NREACH 0092 0 o00

C - -----------------------------------------------------------------. 009280 m
C CHECK IF TUNNEL SIZE INPUT AGREES UITH SHAPE CODE 009290 eeee

IF(BFT.EQ.e.AND.ISHAPE.EG.O.OR.BFT.GT.O.AND.ISHAPE.GT.5) GO TO 840 0093e0 0000
ISTOP,1 009310 0e9
IF(ISHAPE.GT.e) WRITEILO,2150) NREACH 009320 sees
IF(ISHAPE.EO.O) WRITECLO,2151) NREACH 009330 00

840 CONTINUE 009340 0000
C - ----------------------------------------------------------------- 009350 see
C CHECK FOR PREUIOUS USE OF REACH NUMBER 009360 0000

IF(TRDATA(NREACHi).LT.-10.E29) GO TO 85 009370 0000
URITE(LO,1026) NREACH 009380 00
ISTOP-1 009390 0000

85 CONTINUE 009400 0000
C -- ------------------------------------------------------------- 009410 0000
C CHECK FOR PROPER MUCK TRANSPORT METHOD CODE 009420 0000

IFCMTM.GE.O.AND.MTM.LE.4) GO TO 850 009430 0000
URITE(LO,1041) NREACH 009440 0as
ISTOPI 009450 0e5

85e CONTINUE 009460 000
C -- ------------------------------------------------------------- 009470 0000
C CHECK FOR PROPER TUNNEL SHAPE CODE 009480 0000

IF(ISHAPE.GE.O.AND.ISHAPE.LE.3) GO TO 851 009490 5555
URITECLO,1942) NREACH 009599 eeo0
ISTOPi 009510 1 555

851 CONTINUE 505520 0000
C--------------------------------------------------------------------009S39 es
C CHECK IF SHAPE CODE AGREES WITH MUCK TRANSPORT METHOD 009545 0080
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ZF(ISHJPE.GT..AND.MTM.GT.0.OR.ISHAPE.EQ.O.AND.MTM.EG.) O TO S2 009SSO 0000
ISTOPat 099S60 0600
IF(ISHAPE.Eg.0) WRITE(LO,2152) NREACH 009578 0000
IFCISHAPE.GT.0) WRITE(LO,8153) NREACH 0e9se ee9

8sE CONTINUE eoosge 9060
C --------------------------------------------------------------------. I6e!
C CHECK IF UORK HOURS PER DAY IN PROPER RANGE 009620 edge

IF(HOURS.GE.O..AND.HOURS.LE.24.) GO TO 853 09620 0000ISOP,1 009630 0000

6,RITE(LO,215S) NREACH 009640 9@90
853 CONTINUE eo965e 0000----------------------------------- ------------------------------. 0 9.. 0e099 ee

C CHECK IF WORK DAYS PER WEEK IN PROPER RANGE 009670 000
IF(DAYS.GE.4..AND.DOYS.LE.?,.OR.DAYS.E.0.) GO TO 954 009680 0000
ISTOP*1 009690 0000
URITECLO,2160) NREACH 000700 0089

854 CONTINUE 009710000
IS THIS AN UNDERGROUND HEADING RATHER THAN CUT AND COVER 009730 0000
IF(ISHAPE.GT.0) GO TO 98S 009740 000e

C ------------------------------------------------------------------ 009750 0000

C CHECK FOR INPUT VALUES FOR BOX WIDTH AND HEIGHT 009760 0000
IF(BFILDT.GT.O.O.AND.BFDHT.GT.0.0) GO TO 855 009770 00e
ISTOP*1 009780 0000
URITE(LO,216S) NREACH 009790 0000

8ss COHTINUE 009800 00ee
C - -----------------------------------------------------------------009910 0000
C CHECK IF TOTAL CLEAR BOX WIDTH EXCEEDS 40 FEET 0098920 000

IFCFBWDT.GT.49.) URITEtLO,2170) NREACH 09830 000c ------------------------------------------------------------------ 009840 0ee0
C CHECK TYPE OF BOX SECTION 009850 000e

IF(IBOX2.EQ.l) GO TO 857 009860 0000
C - ---------------------------------------------------------------- 009970 0000
C SINGLE LEVEL BOX -- CHECK IF NUMBER OF BOX UNITS IS SPECIFIED 009880 0000

IF(NBOX.GT.0) GO TO 858 009890 0000
ISTOP-1 009900 0000
RITE(LO,2175) NREACH 009910 00e

8S6 CONTINUE 009920 0000
C - ---------------------------------------------------------------- 009930 0000
C CHECK IF BOX HE:GHT IS GREATER THAN 20 FEET 009940 0000

IF(BFBHT.GT.2e.) URITE(LO,2180) NREACH 0099se 0000
GO TO 8s 009960 0000

C - ---------------------------------------------------------------- 009970 3000
C DOUBLE LEVEL BOX -- TLO UNITS HIGH AND TWO UNITS WIDE 009980 0000
C CHECK IF TOTAL CLEAR BOX HEIGHT EXCEEDS 40 FEET 009990 0000

897 IF(BFBHT.GT;40.) WRITE(LO.2185) NREACH 010000 0000
8s CONTINUE 010010 0000

C-------------------------------------------------------------------- 010020 0000
TRDATA(NREACH, I)-NSHAFT 010630 0000
TRDATA(NRE ACH,2 )BFT 010040 0000
TRDATA(NREACN 3) HAPE 010050 0000
TRDATA(HREACH,4 rfP1 010060 0000
TRDATA(NREACH,B) HOURS 010070 0000
TRDATA(NREACHo9)-DAYS 010080 0000
TRDATA NREACH, 10)-NBOX .10,90 0000
TRDATA(NREACH,1l)-DFBUDT 010100 e0e
TRDATA(NREACH,12)-FBHT ee1e 8000
TRDATA(NREACH, 13)-IBOX2 010120 000
GO TO 81 010130 6600
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C .......................................................... . - 01.4. 00 8
C END OF REACH INPUT 010150 0ee

86 CONTINUE a:016e osoe

-- - - -;- - - - -- - - - - - - - - --- - - - - - - - - - - - a0i 170 ease
C CHECK REACH AND SEGMENT INFORMATION FOR COMPATABILITY 1e1se 000
C --------------------------------------------- 198190 esee

DO 87 1-1 NTS 0:e200 00
NREACH-A.,4) 01921 e0e
NTSEGeA(I ) 016220 e00
NTSTYPA(116) 0:e230 6600
EX.AU(I7) 016240 000
BFT-TRDAA (NREACH.,) ie2se 900
ISHAPEsTRDATA(NREACH,3) 010260 0000
RT-TRDATA(NREACH,4) 018270 0000
ISUPPT-A(I 26) 0:0280 0000
MSTAB-A(I.31) 010290 600
MUST A(I,.)' 010300 e00
NPLeA(I,2) 0!0310 0000
NPR.A(I,3) 0:032a 0000
ELNPL-CNP(NPL,2) 010330 0000
ELNPR.CNP(NPR 2) 010340 0000
ELAVG(ELNPL+ELNPR)/2. 010350 0000
ELUATRAtI,14) 010360 0000
ELIMP.A(I,24) 010370 0000

C IF THE TUNNEL SEGMENT IS MOLED, ITS SHAPE MUST BE CIRCULAR 010330 0000
IF(MEX.NE.2.AND.MEX.NE.3) GO TO 860 e10390 0000
IF(ISHAPE.EO.1) GO TO 860 010400 000
WRITECLO,1040) NTSEGNREACH 010410 0000
ISTOP 1 010420 0000

860 CONTINUE 010430 0000
C ------------------------------------------------------------------ 010440 0000
C CHECK FOR CUT AND COVER OR ROCK TUNNEL 010450 0000

IF(NTSTYP.NE.2) GO TO 865 010460 0000
C ------------------------------------------------------------------ 0 10470 000
C CHECK IF IMPERVIOUS LAYER IS A REOUIRED INPUT 010480 0000

IF(MUST.GE.3.AD.MSTAB.NE.2) GO TO 861 010490 0000
IUATER.A(Io31 010580 0000
D1O*A-W 19) 010510 0008
PERMA(f 25) 018520 0000
IF(IUATEA.EO.8.OR.PERM.LT.10.E-10.AND.DIO.LE.0.08.OR.PER.GT. 010530 0000
11S.E-10.AND.PERP.LE.e.0006) GO TO 861 010540 0ee0

C CHECK IF IMPERVIOUS LAYER IS ABOVE TUNNEL UHEN DEUATERING MAY 010550 000
C BE USED AS A STABILIZATION METHOD 010560 0000

IF(ELIMP.LT.ELAUG.BFT/8.) GO TO 861 e1570 0000
URITE(LO,2190) NTSEGNREACH 010580 0000
A(I 24),ELAVG-BFT/2. 010590 0000

861 CONTINUE 010600 0000
C ------------------------------------------------------------------- 010618 0000
C CHECK IF TRUCK TRANSPORT IS SPECIFIED AND COMPRESSED AIR REGUIRED 010620 ees

IF(MT.NE.I.OR.MSTAB.CT.I.OR.MSTAg.EQ.0.OR.MUST.LT.4) GO TO 863 010630 eee
ISTOP.i 10640 0000
WRITELO,2195) NTSEGNREACH 010650 e0e

863 CONTINUE 010660 0800
C ------------------------------------------------------------------ 010670 e0e
C CAST IRON TUNNEL SUPPORT - CIRCULAR TUNNELS ONLY 0106890 s0

IF(ISUPPT.GT.I.OR.ISHAPE.EQ.2) GO TO 865 010690 00
ISTOP-1 010700 0060
WRITE(LO,2200) NTSEG,NREACH 010718 sees
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365 CONTZUE 010720 eeo
C ---------------------------------------------------------- 010730 e
C CHECK IF SHAPE CODE AGREES UITH TUNNEL TYPE 010740 0000

IF(tTSTYP.LT.3.AND.ISHAPE.GT.0) GO TC 867 010750 0000
IF(rTSTYP.EQ.3.AND.ISHAPE.EO.6) GO TO 861 010760 0000
ISTOP- e10770 0000
IF(NTSTYP.LT.3) URITE(LO 2201) NTSEGNREACH 010780 0000
IF(crTSTYP.EO.3) URITEtLO,2202) NTSEGNREACH 010790 0000

C - ----------------------------------------------------------------- 10810 0a
C CHECK FOR CUT AND COVER EXCAVATION 010816 0000
86? IF(NTSTYP.PE.3) GO TO 87 010820 0000

BFIHTeTRDATA(NREACH, 13) 010830 0000
c - ---------------------------------------------------------------- 010840 00e
C CHECK IF SOUND ROCK LINE IS ABOVE BASE OF TRENCH AND ROD IS LESS 010850 0000
C THAN 50 010860 0000

RQD*A(I,6) 010865 0000
ELROCKA(I 27) 01090 ooo0e
IF(RGD.GE.S0..OR.ELROCK.LT.ELAVG-BFBHT/2.) GO TO 869 010880 0000
IF(ROD.GE.25.) WRITE(LO 2203) NTSEG,NREACH 010990 0000
IF(ROGE.2S.I GO TO B6 010900 000
ISTOP-1 010910 0000
URITE(LO.2204) NTSEG,NREACH 010920 0000

869 CONTINUE 010930 0000
C - ---------------------------------------------------------------- 010940 000
C CHECK FOR LATER TABLE ABOVE BASE OF TRENCH AND ABOVE IMPERVIOUS 010950 0000
C LAYER FOR SLOPING CUT EXCAVATION -- IUATER MUST EQUAL I 010960 ee

IFcMEX.NE.7) GO TO 87 010970 0000
IWATER-ACI 23) 010oso eaae
IF(IWATER.EQ.1) GO TO 87 010990 0ee
IFCELWATR.LT.ELAUG-BFBHT/2..OR.ELUATR.LE.ELIMP) GO TO 87 011000 000e
ISTOP-1 011010 0000
URITE(LO,2205) NTSEG,NREACH 011020 0000

C - ---------------------------------------------------------------- 011030 000e
87 CONTINUE 011040 0000

C 011050 0000
C Z*$I:mg*:*sI u*RsuZuu*:*2nzsZ m**:nn~zuz *u~z* 011060 0000
C 0110i0 0000
C READ SHAFT SEGMENT DATA I 011080 0000
C 011090 0000
C INITIALIZE SHAFT SEGMENT ARRAY 011100 0000

DO 88 1.1,NSSMAX 011116 0000
Be B(I,1),-10.E30 011120 0000

C INITIALIZE THE SHAFT ARRAY 011130 0000
DO 89 I-1,HSMAX 011140 0000

89 SHAFTCI,1).-10,E30 011150 0000
IPS-0 011160 0000
1-0 011170 0000

90 I-1.1 011180 0000
C 611190 0000
C - ---------------------------------------------------------------- 011200 0000
C CHECK FOR MAX NUMBER OF SHAFT SEGMENTS 011210 0000

IF(I.LE.NSSMAX) GO TO 95 011220 0000
C--------------------------------------------------------------- 011230 0000
C CHECK FOR END OF SHAFT SEGMENT DATA. NDUM-DUMMY SEGMENT NUMBER 011240 0000

91 READ(LI,1020) NDUM 011250 0000
IF(NDUM.EQ.9999) GO TO 130 011260 0000
WRITE(LO,1017) NSSMAX 011270 0000
ISTOPl 0 11280 ooe
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GO TO 91 0290 0000C 0:1300 0000

C ----------------------------------------------------------------- 01-1310 ose

C READ SHAFT SEGMENT DATA FROM CARD 0:1320 0000
95 READ(LI 1007) (d(IJ),J-1,15) 011330 0000

NSNAFT-I(Ik1) 011340 0000
NSSEG-(I ) 0:1350 oeoe
NSSTYP.e(.l S) 011360 0000

C ---------------- ----------------------------------------------- 011370 000
c CHECK FOR LAST SHAFT CARD 011380 0ee

IF(NSHAFT.EO.9999) GO TO 130 011390 0000
IF(NSHAFT.LE.NSMAX.AND.NSHAFT.OT.0) GO TO 100 011400 0000
URITE(LO,1034) NSHAFTNSSEG,NSMAX 011410 0000
ISTOP-1 e11420 0000

100 CONTINUE 011430 0000
c . ...------------------------------------------------------------------ e 0144e0
C CHECK FOR MISSING SEPARATOR CARD 0114SO 0000

IF(NSSTYP.NE.e) GO TO 101 011460 0000
ISTOP-1 0114'0 eeee
URITE(LO,1503) 011480 0000

101 CONTINUE 011490 0008
0 ----------------------------------------------------------------- 011500 0000
C CHECK FOR PROPER SHAFT TYPE CODE 011510 ee00

IF(NSSTYP.GE.I.AND.NSSTYP.LE.3) GO TO 102 011520 0000
ISTOP.1 011530 0000
URITE(LO,2207) NSSEGNSHAFT 011540 0000
GO TO 425 011550 0000

102 CONTINUE 011568 0000
C ------------------------------------------------------------------ 011570 0000
C READ SECOND SEGMENT DATA CARD IF NOT ROCK TUNNEL 011580 0000

IF(1SSTYP.GT.1) READ(LI,1008) (B(I,J),J*16,27) 011590 0000
C ------------------------------------------------------------------ 0811600 0000
C CHECK FOR PREVIOUS USE OF SHAFT NUMBER 011610 0000

IF(I.Ea.1) GO TO 105 011620 0000
IF(NSHAFT.EO.IPS) GO TO 106 011630 0000
IF(SHAFT(NSHAFT,1)LT.-10.E29) GO TO 10S 011640 000e
URITE(LO,1023) NSSEG,NSHAFT 0116s0 0000
ISTOPo1 011660 0000

19 SHAFT(NSHAFT,1).. 011670 0000
106 CONTINUE 011680 0000

------------------------------------------------------------------ 011690 0000
C CHECK THAT SHAFT SEGMENT CARDS HAVE BEEN PROPERLY ARRANGED 011700 0000

IF(I.EQ.1) GO TO 108 011710 0000
IF(IPS.NE.NSHAFT) GO TO 108 011720 0000
IF(B(I 3).EG.B(I-1,4f) GO TO 108 011730 0000
LRITELO,1115) NSSEGNSHAFT 011740 0000
ISTOP.1 011750 0000

108 CONTINUE 011760 0000
------------------------------------------------------------------ 011770 0000

C CHECK THAT ALL SHAFT NODAL POINTS HAVE BEEN INPUT 011780 0000
NPT-9(I,3) 011790 0000
NPBDB(I,4) 011800 0000
ELNPT*CNP(NPT.2) 011810 0000
ELNPR-ChP(NPB.2) 011820 e000
IF(ELNPT.GT.-10.E29.AND.ELNPB.GT.-10.E29) GO TO 110 011830 0000
URITECLO,1131) NSSEG,MSHAFT 011840 0000
ISTOP81 011850 0000

110 CONTINUE 011860 0090
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C ----------------------------------------------------------------- 01190 O 00
C CHECK FOR SHAFT BEING A PORTAL. IF SO,RECCRD THIS rACT 011980 0000

hPORT-@ 011890 0000
IF(NPT.EO.NPB) NPORTa1 o1l e 0000
SHAFT(NSHAFT,23)-NPORT 011g0e 0000

C IF SHAFT IS A PORTAL ,SKIP THE FOLLOWING INPUT CHECKS 011920 0000
IFC(PT.EG.NPD) GO TO 129 011930 0000

C - ----------------------------------------------------------------- 01194e ooe
C CHECK FOR PROPER EXCAUATION METHOD 011950 ooe

MEX.9(I 7) 011960 0000
IF(MEX.&E.G.AND.MEX.LE.4) GO TO 112 01197e 0000
ISTOP-1 011980 ooze
WRITE(LO,1029) NSSEG,NSHAFT 011990 0000

112 CONTINUE 012000 0000
C - ---------------------------------------------------------------- 012010 0000
C CHECK FOR DUMMY SHAFT AND BYPASS FURTHER CHECKS 012020 0000

LININGB(I,10) 012030 0000
RS-B(I 5) 012040 0000
RGD,8(1,6) 012050 0000
IF(NSSTYP.EG.1.AND.RS.LE.O..AND.RQD.LE.O. 012060 0000

1 .AND.MEX.EO.9.AND.LINIhG.EO.0) GO TO 129 012070 e0o
113 CONTINUE 0120s0 0000

C ------------------------------------------------------------------- 012090 0000
C CHECK FOR PROPER EXCRVATION METHOD FOR SHAFT TYPE SPECIFIED 012100 0000

IF(NSSTYP.EG.1.AND.MEX.LT.1.OR.NSSTYP.EQ.I.AND.MEX.GT.2) GO TO 114 012110 0000
IF(NSSTYP.EO.2.AND.MEX.LT.3) GO TO 114 012120 0000
IF(NSSTYP.EG.3.AND.MEx.GT.O; GO TO 114 012130 000
GO TO 11S 012140 0000

114 ISTOP-1 0121s0 0000
URITE(LO,2210) NSSEG,NSHAFT 012160 0000

C ------------------------------------------------------------------ 012170 0000
C CHECK FOR ADVANCE RATE NOT SPECIFIED 012180 0000

115 AR-B(I,8) 012190 0000
IF(AR.EG.0.O1 GO TO 120 012200 0000

C ------------------------------------------------------------------ 012210 0000
C CHECK FOR ADVANCE RATE LESS THAN 0 FT/DAY 012220 0000

IF(AR.GT.0.0) GO TO 120 012230 0000
ISTOP,1 012240 0000
WRITECLO,1075 NSSEGNSHAFT 012250 0000

C - - ------------------------------------------------------------- 012260 0000
C CHECK FOR ROCK STRENGTH GREATER THAN 500 PSI 012270 0000

120 CONTINUE 012280 000
IF(RS.LT.S00..AHD.NSSTYP.EQ.1) URITE(LO,1070) NSSEG,NSHAFT 012290 0000

C ----------------------------------------------------------------- 012300 0000c CHECK FOR PROPER SHAFT CODE IF ROD IS LESS THAN 25. 012310 o0o
IF(NSSTVP.GT.1.OR.RQD.GE.25.) GO TO 122 012320 0000
ISTOP-1 012330 0000
LRITE(LO.U.12) HSSEG,NSHAFT 012340 0000

122 CONTINUE 0123S0 0000
C ----- ------------------------------------------------------------ 012360 0000C IS SHAFT IN SOFT GROUND AND ROD GREATER THAN 25. 012370 0000

IF(NSSTVP.EG.2.AND.RQD.GT.25.) URITE(LO,2215) NSSEG,NSHAFT 012380 0000
S.------------------------------------------------------------------ 012390 eoo0C CHECK FOR ROD BETUEEN 0 AND 100. 012400 0000

IF(RQD.GE.6.9.AND.RQD.LE.I00.) GO TO 126 012410 0000
URITE(LO, 1072) NSSEGNSHAFT 012420 0000
ISTOP,1 012430 0000

126 CONTINUE 012440 0000
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C --------------------------------------------------------------- - 012450 0000
c CHECK FOR COTRADICTION OF SPECIFYING A TmICKNESS FOR NC UN :NG 01a46o 0000

LININOG-(I,101 012470 0000
IF(LINIG.NE.O.OR.NSSTYP.NE.1) GO TO 127 018480 eoeo
TL-l(I 11) 012490 0000
IF(TL.LE.*.**1) GO TO 127 012500 0000
WRITECLO, ,146) NSSEGNSHAFT 012510 0e0
ISTOP,1 0:2520 o0ee

127 CONTINUE 012530 0000
C ----------------------------------------------------------------- 012540 0000
C CHECK FOR PROPER LINING TYPE CODE 0125s0 0000

IF(LINING.GE.e.AND.LINING.LE.3) GO TO 1270 018560 0000
WRITE(LOe104) NSSEG.NSHAFT 012570 0000
ISTOP.1 012580 0000

1270 CONTINUE 012590 0000
C ----------------------------------------------------------------- 012600 0000
C CHECK FOR PROPER LINING CODE FOR SHAFT TYPE SPECIF:ED 012610 0000

IF(MSSTYP.LT.3.AND.LINING.NE.3.OR.NSSTYP.EO.3.AND.LINING.EG.3) 012620 0oe
10O TO 1272 012630 oo0
ISTOP.1 012640 0000
WRITECLO,2220) NSSEG,NSHAFT 012650 0000

C ------------------------------------------------------------------ 012660 0000
C CHECK FOR PROPER WATERTIGHT CODE 012678 0000
1872 LINUT-B(I 14) 012680 0000

IF(LIf4WT.EQ..OR.LINUT.EG.1) GO TO 1274 012690 0000
ISTOP-1 012700 0000
WRITE(LO,2225) NSSEGNSHAFT 012710 0030

1274 CONTINUE 012720 0000
C ------------------------------------------------------------------ 012730 0000
C ALL CUT AND COUER BOX SEGMENTS ARE DESIGNED AS WATERTIGHT - 012740 0000
C INPUT IGNORED 0127S0 0000

IF(NSSTYP.EQ.3.AHD.LINWT.EG.O) URITE(LO,2227) NSSEG,NSHAFT 012760 0000
.. ------------------------------------------------------------------ 012770 0000

C A LINING OR SUPPORT MUST BE SPECIFIED WHEN WATERTIGHTNESS REQUIRED 012780 000
ISUPPTB(I 22) 012790 0000
IF(LINUT.E6.0.OR.LINING.GT.e) GO TO 1276 012800 0000
IF(NSSTYP.GT.1.AND.ISUPPT.LE.3) GO TO 1276 012810 0000
ISTOPe1 012820 0000
WRITE(LO,2230) NSSEG.NSHAFT 012830 0000

C ------------------------------------------------------------------ 012840 0000
C CHECK IF GROUNDWATER ELEVATION NOT INPUT AND WATERTIGHT REQUIRED 01285e 000
1276 ELUATR-B(I,13) 012960 0000

IF(LINWT.EO.1.AND.ELWATR.EO.0) URITE(LO.2235) NSSEGNSHAFT 018876 0000
C ------------------------------------------------------------------ 012880 0000
C CHECK IF SHAFT NOT IN ROCK AND GROUNDWATER ELEV NOT SPECIFiED 012890 00e0

IF(NSSTYP.GT.l.AND.ELWATR.EQ.e) WIRTECLO,2235) NSSEG,NSHAFT 012900 0000
------------------------------------------------------------------ 012910 0000

CHECK IF GROUND WATER ELEUATION IS IN MIDDLE OF SHAFT SEGMENT 012920 0000
IF(ELATR.GE.ELNPT.OR.ELUATR.LE.ELP) GO TO 1277 012930 0000
ISTOPli 012940 0000
WRITE(LO,240) NSSEG,NSHAFT 012950 0000

C --- --------------------------------------------------------------- 012960 0000
C CHECK REMAINING DATA IF SHAFT IS NOT IN ROCK 012970 0000
1277 IF(NSSTYP.EQ.1) GO TO 128 012980 0000

C- ---------- ------------------------------------------------------ 012990 0000
C CHECK IF EFFECTIVE GRAIN SIZE IS INPUT 013000 0000

DISG.(I 16) 013010 0000
IF(014.0T.01 G0 TO 1278 013020 0000
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ISTOPI 013030 0000
WRITECLO,224S) NSSEGNSHAFT 01304e 0000

C ------------------------------------------------------------ ---- 013050 e000
C CHECK THAT PHI AND/OR COHESION ARE SPECIFIED 013060 0000
1878 PHI-VI( 19) 013010 O000

COESN *I 17) 013080 0000
IF(PHI.GT.6..OR.COHESN.GT.0,) GO TO 1279 013090 000
ISTOP-1 013:00 0000WRITE(LO,225e) NSSEG,NSHAFT 0131:0 0000

1279 CONTINUE 013120 0000
C ------------------------------------------------------------- --- 013130 0000
C CHECK FOR POSSIBLE ERROR IN PERMEABILITY INPUT 013i4e oo00

PERM-B(I,23) 01315e 0000
IF(PERM.GT.10.) WRITE(LO,2251) NSSEGNSHAFT 01316e O0M
..................................................................- 0 1 3 1 7 0 0 0 0 0

C CHECK IF PHI GREATER THAN 45 - WARNING, OR GREATER THAN 100 -ERROR 013180 0000
IF(PHI.GT.AS.) WRITE(LO,2252) NSSEG,NSHAFT 0130 e00
IF(PHI.LT.100.) GO TO 1280 013200 0020
ISTOP-I 0!3210 00e
URITE LO,2253) NSSEGNSHAFT 0:3220 000

C ------------------------------------------------------------------ o1323e me
C CHECK IF GAMMA GREATER THAN 200. 01324e 0000
1280 GAMMA.B(I,18) 013250 0000

IF(GAMMA.LE.200.) GO TO 1281 013260 000
ISTOP-1 013270 0000
LJRITE(LO,2254) NSSEGNSHAFT 013280 0000

c ------------------------------------------------------------------ 013290 eeoo
C CHECK FOR PROPER DEUATERING CODE 013300 Me00
1281 ILATER-B(I,21) 01331 0000

IF(IUATER.EQO.0R.IWATEREQ41) GO TO 1282 013320 0000
ISTOP,1 013330 OM0
LRITE(LO,2255) NSSEGNSHAFT 013340 0000

C - ---------------------------------------------------------------- 013350 0ee0
C CHECK IF IMPERVIOUS LAYER IS A REQUIRED INPUT 013360 0000
!282 MSTAB-(I,25; 013370 0000

MUST-B(I,26) 013380 0oo0
IF(MUST.GE.3.AND.MSTAD.hE.2) GO TO 1284 013390 0000
IF(ILATER.EG.0.OR.PERM.LT.10.E-10.AND,DlQ.LE.0,eB.O.PER.GT. 013400 0000
lie.E-l0.AND.PER.LE.e.006) GO T0 1284 013410 0000

C ------------------------------------------------------------------ 013420 0000
C DEJATERING IS ALLOWED. CHECK IF I!MPER JIOL5 LAYER IS NCT 013430 MOeo
C SPECIFIED OR 'F THE Z!MPERVIOLS LAYER IS ABCVE BASE OF SEGMENT. 013440 0000

ELIMiP.i(,20) 0:3450 o00
IF(ELIMP,EG.0.0) URIE(LO,2260) NSSEG,NSHAFT 013460 000
IF(ELIMP.LE.ELNPB; GO TO 1284 013470 300e
ISTOP.: 013480 0000
URITELO,2262) NSSEG,NSHAFT 013490 000e

1284 CONTINUE 013500 0eee
C - ------------------------------------------------------------------ 03 SO00ee
C CHECK zCR PROPER SiPPORT CODE 013520 000e

'FCISUPPT.GE.l.AND.ISjPPT.LE.S) GO TO 128S 15000
ISTOP-1 013540 0000
URITECLO.2265) NSSEG,NSHAFT 013550 0000

128S CONTINUE 013560 0000
---------------------------------------------------------------- 013570 0000

C CHECK FOR PROPER SUPPORT CODE FOR SHAFT TYPE SPECIFIED 013580 0000
IF(fNSSTYP.EQ.2.AtD.ISUPPT.GT.g.OR.NSSTYP.EQ.3.AND.ISUPPT.EG.S) 013590 0

IGO TO 1286 013600 0000
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ISTOP*I o136±0 0006
WRITE(LOoA27S) NSSEG#NSHAFT 01362e 000e

I13 CONTINUE 0.3630 000

C . 03640 0000
C CHECK FOR PROPER LINING CODE FOR SUPPORT TYPE SPECIFIED 013650 60

IF(ISUPPT.LE.3.AND.LINING.EQ.e) GO TO :288 :360 0000
IF(ISUPPT.EO.S.AND.LINING.E.3J GO TO 1288 a13670 eeeO
IFCISUPPT.EG.4.AND.LINING.EQ.e) GO TO 1287 013690 0oe
IF(ISUPPT.EQ.4.AND.LINING.NE.3) GO TO 1288 013690 0600

1287 ISTOP- 80.700 0000
URITE(LO,227S) NSSEGoNSHAFT 013710 0600

1288 CONTINUE 613726 e60
C - ---------------------------------------------------------------- 6 13730 0000

C CHECK FOR CUT AND COVER SHAFT 013740 0000
IF(MSSTYP.EG.3) GO TO 129 013750 0000

C - ---------------------------------------------------------------- 013760 0000

C CHECK FOR HIGH STABILITY NUMBER - MAY RESULT IN UNEXCAVATABLE JOB 013770 0000
STABNO-B(,o24) 013780 0000
IFS TABNO.LE.g.AND.PHI.LT.29.OR.STABNO.LE.?.AND.PHI.GE.29) 013790 6000

I GO TO 1289 013800 0000
ISTOP.1 013810 0000
URITECLO,2285) NSSEGNSHAFT 013820 0000

C ------------------------------------------------------------------- 013830 600
c CHECK FOR PROPER STABILIZATION CODE 013840 6800
1289 MSTAB-B'I,25) 013850 0000

IF(MSTAB.GE.O.AND.MSTAR.LE.3) GO TO 1290 013860 0000
ISTOP.1 013870 0000
WRITE(LO.2290) NSSEGNSHAFT 013880 0006

c----- ------------------------------------------------------------- 013890 0008
C CHECK FOR PROPER USE OF STABILIZATION METHOD CODE 013900 0006
1290 MUST-BC1,26) 013910 0000

IF(MUST.GE.I.AND.MUST.LE.4) GO TO 1292 013920 0006
ISTOPol 013930 0000
IRITE(LO,2295) NSSEG,NSHAFT 013940 0000

C ------------------------------------------------------------------ 013950 0006
C CHECK FOR AIR PRESSURE INPUT IF STABILITY NUMBER INPUT AND 013960 0000
c AIR PRESSURE STABILIZATION IHPUT 013970 0000
1892 AIRPR-B(I,27) 613980 0000

TABOQT~..AN.TA.E.A.D.IRP.E. G.0) GO TO 1293 013990 0000
GO TO 1294 014000 0000

1293 ISTOP.1 014018 000
URITE(LO,2300) NSSEGNSHAFT 014020 00

1294 CONTINUE 014030 e00
C ------------------------------------------------------------------ 014040 0000
C CHECK FOR USE CODE.4 WHEN STABILITY NUMBER IS SPECIFIED 014050 000e

IF(STABNO.EG.6.OR.MUST.EG.4) GO TO 1296 014060 0000
ISTOP-1 014070 060
URITECLO,2305) NSSEGNSHAFT 014080 0000

1296 CONTINUE 014090 0000
C-------- ---------------------------------------------------------- 014100 0000
C CHECK IF STABILIZATION METHOD NOT COMPRESSED AIR BUT AIRPR GT 0 014110 00e0

IF(MSTAB.EQ.1.OR.AIRPR.EQ.0.) GO TO 1297 014120 000
ISTOP-1 014130 00ee
WRITE(LO,2307) NSSEG,NSHAFT 014140 000

1297 CONTINUE 014150 0000
C --------------- ------------------------------------------------- 014160 0006
C CHECK IF STABILIZATION METHOD AGREES WITH USE CODE 014170 0000

IF(MSTA.GE.O.AND.MUST.GT.2.OR.MSTAB.EG.e.AND.MUST.LT.3)GO TO 1298 014180 0000
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ISTOP-1 014190 000
WRITE(LO,23103 NSSEGNSHAFT 014200 0000

1898 CONTINUE 014210 0000
C-------------- -------- ---------------------------------------- e1420 0000
C CHECK IF STABILIZATION METHOD IS INPUT 014230 see0

IF(PSTAI.EQ.G) GO TO 128 01424e 0ose
C ---------------------------------------------------------------- 0142S0 000
C CHECK IF STABILIZATION METHOD IS ACCEPTABLE 014260 00

GO TO (1300,1302,1304). MSTAB 014270 0000
C --------------------------------------------------------------- 014280 0000
C AIR PRESSURE -- CHECK IF SOIL IS A GRAVEL 014290 se00
1300 IF(PERM.LT.1e.E-15.AND.DIS.GT.2.) GO TO 1305 014300 0008

IF(PERM.GT.6.4) GO TO 1305 0143:0 0006
c CHECK IF SOIL IS A CLAY 01432e 0000

IF(DIO.LE.6.96S) GO TO 1308 014330 0000
C CHECK IF SHAFT SEGMENT ABOVE WATER TABLE 014340 000

IF(ELWATR.LE.ELNPB) GO TO 1308 014350 0eee
C CHECK IF WATER HEAD LESS THAN 115 FEET 014360 0000

ELAUG*(ELNPTELNPB)/2. 014370 eeee
IF(ELWATR-ELAVG.LE.115.) GO TO 1308 014380 000e
GO TO 1305 014390 0000

C------------------------------------------------------------------ 0144ae 000e
C DEWATERING -- CHECK IF DEWATERING IS ALLOWED 014410 e00
1302 IF(IWATER.EQ.O) GO TO 1305 014420 0ee

C CHECK IF SHAFT SEGMENT ABOVE WATER TABLE 014430 eee
IF(ELWATR.LE.ELNPB) GO TO 1305 014440 000e

C CHECK IF SOIL IS FINE SAND OR COARSER OR IS REASONABLY PERMEABLE 014450 0000
IF(PERM.LT.10.E-1O.AND.Die.GT.0.08 GO TO 1308 014460 0000
IF(PERM.GT.O.e0062 GO TO 1308 014470 0000
GO TO 130S 014480 0000

C - ---------------------------------------------------------------- 014490 0000
C GROUND INJECTIONS -- CHECK IF SOIL IS NOT CLAY 014500 000
1304 IF(DIO.GT.O.6*5) GO TO 1308 014510 0000

C - ---------------------------------------------------------------- 014520 0000
C STABILIZATION METHOD IS NOT ACCEPTABLE 014530 0000
130S MSTAC-2 014540 ees

C CHECK IF USE CODE -4 014550 0000
IF(MUST.EO.4) GO TO 1306 0l4560 0000
WRITE(LO,23152 NSSEGNSHAFT 014570 0000
GO TO 1310 014580 0000

1306 ISTOP-1 014590 000e
WRITE(LO,23202 NSSEGNSHAFT 014600 0000
GO TO 1310 014610 0000

C----------------------------------------------------------------- 014626 0000
C STABILIZATION METHOD IS ACCEPTABLE 014630 0000
1308 MSTAC-1 014640 0000
1310 2(I,28-MSTAC 014650 0000
C - ---------------------------------------------------------------- 014660 0000
C CHECK FOR CORRECT GROUNDWATER CODE 014670 0006

128 INFLOW-B(I 9) 014680 0000
IF(INFLOW.9G.0.OR.INFLOU.EG.I) GO TO 129 014690 0000
WRITE(LO,1047) NSSEG,NSHAFT 014700 0006
ISTOP-1 014710 009

C - ---------------------------------------------------------------- 014720 0000
129 IPS-NSHAFT 014730 0000

GO TO 90 014740 000
C END OF SHAFT SEGMENT DATA 014750 0009

130 CONTINUE 014760 060

(Continued)

A46

% _J . ,



COSTUN Listing (Continued)

C0t'70 0000

C SS -01401e 0200

C 014820 0000
C READ SHAFT PROPERTIES 014830 0000C 014840 0990INITIALIZE SHAFT DATA ARRAy 014850 0e00

DO 132 I-1,NSMAX 014860 a8000SHAFT.I.).-190E34 014870 800
132 SHAFT(I~j)--10.E30 a14880 0000

C 014890 2000
131 READ(LI,102 SERR-4Se) NSHAFTFS,ISHAPS,DDSCDS,ARTEM,CFL,CFE, 0:4900 0000

ICFMRCFHOUR4,DAYS 014910 8000
IF(SHA T.EQ. 999) GO TO 139 a14980 000

C CHECK FOR PREVIOUS USE OF SHAFT HUMBER 014930 0000
134 IF(SHAFT(mSHAFT,1l)GT-10.E29) URITE(LO,1027) NSHAFT 0:4940 0000

IF(SHAFT(NSHAFT 1).GT.-10.E29) IS
T
OP-1 0149S0 0000

C IF SHAFT IS PORTALUSER CAN OMIT BFS. SET SIZE 014960 0000
HPORT-SHAFTCNSHAFT.23, 014970 0000
IF(NPORT.EO.1) BFS-ae. 014980 0000
SHAFT(NSHAFT.5).DDS 014990 0000
SHAFT(NSHAFT,S)*CDS 01500 0000SHAFT(NSHAFT,7)=BFS 015012 0000
SHAFTNSHAFT.11)-AIRTEM 015020 0000
SHAFT(NSHAFTo12)-CFL 015030 0000
SHAFTCNSHAFTo13),CFE 015040 0000
SHAFT(hSHAFT,14)-CFM 015050 0000
SHAFT(NSHAFT,IS)-RCF 015060 0000
SHAFTCNSHAFT,16)-ISHAPS 015070 0000SHAFTNhSHAFT,17)-HOURS O1Sese 0000SHAFT(NSHAFT.18)-DAYS 015090 0000

C -- ------------------------------------------------------------- 015100 0000C CHECK FOR FINISHED DIMENSION BETWEEN 10 AND 40 FEET 015110 0000
IF(ISHAPS.GT.O.AND.BFS.LT.10..OR.ISHAPS.GT.O.AND.BFS.GT.40.) 015120 0000
1WRITE(LO,1074) NSHAFT 015130 0000C ------------------------------------------------------------------ 015140 0000

C CHECK FOR PROPER SHAFT SHAPE CODE 015150 0000
IF(ISHAPS.GE.O.AND.ISHAPS.LE.2) GO TO 135 015160 0000
ISTOP-1 015170 0000
URITE(LO,2325) NSHAFT 015180 0000

135 CONTINUE 015190 0000
C ------------------------------------------------------------------ 015200 0000C CHECK FOR SPECIFICATION OF PORTAL, BYPASS FOLLOUING CHECKS 015210 0000

IF(HPORT.EO.1) GO TO 136 015O20 0000
C ------------------------------------------------------------------ 015230 0000C CHECK FOR SPECIFICATION OF DUMMY SHAFT 01S40 0000

IF(ISHAPS.Eo.e) RITE(LO,2327, NSHAFT 015250 0000
C------- ----------------------------------------------------------- 015260 0000C CHECK IF SHAPE CODE AGREES WITH INPUT SHAFT SIZE 01e270 0000

IF(BFS.EQ.O.AND.ISHAPS.EQ.O.OR.BFS.GT..AND.ISHAPS.GTO) GO TO 136 015280 0000
ISTOPa l 015290 0000
IF(ISHAPS.EG.O) URITE(LO,2330) hSHAFT 015300 000
IF(ISHAPS.GT.0) WRITECLO.2332) NSHAFT 015318 8000

136 CONTINUE 015320 0000
C -----. ... .. ... ....----------------------------------------------- 015330 900
C CHECK IF WORK HOURS PER DAY IN PROPER RANGE 015340 000
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IF(HOURS.GE.0..AND.HOURS.LE.24.) GO TO 137 015350 0000
ISTOP-1 31536a Me0
WRITE(LO,2335) NSHAFT 015370 000

137 CONTINUE 0!5380 0000
C ------------------------------------------------------------------ 015390 0000
C CHECK IF lJORK DAYS PER uEEK IN PROPER RANGE 015408 eftZ

IFCDAYS.GE.4..AND.DAYS.LE.?..OR.DAYS.EQ.O.) GO TO 138 0154oe eooo
ISTOP-I 015426 0000
URITE(LO,2340) NSHAFT 015430 0000

138 CONTINUE 015440 eeea
C - ----------------------------------------------------------------- 015450 0

SHAFT(NSHAFT, I)-0. 015460 0000
GO TO 131 015470 0000

C END OF SHAFT PROPERTIES DATA 015480 0000
139 CONTINUE 015490 0000

C elssee Meo
C 015510 0000
C 0155o20 0000
C - ---------------------------------------------------------------- 01 5S30 00ee
c MAKE SURE THAT ALL TUNNEL SEGMENTS HAVE REACHES DEFINED FOR THEM 015540 0000

DO 200 a1l,NTS 015ss 000
NTSEG-AQ(I1) 015560 0000
NREACH.A(1o4) 015S70 0000
IF(TRDATAuNREACH,.1.GT.O.) GO TO 200 015580 0000
ISTOP-1 015590 0000
URITE(LO.1200 NTSEGNREACH els6ae OBee

200 CONTINUE 01S610 0000
C - ---------------------------------------------------------------- 015620 0000
C CHECK THAT EVERY REACH NUMBER ASSIGNED HAS AT LEAST ONE TUNNEL 015630 0000
C SEGMENT REFERRING TO IT 015640 0000

DO 250 1-1,NTRMAX 0156S0 0000
IF(TRDATAUI,1).LT.-l0.E29) GO TO 250 015660 0000
NREACH-1 01S670 0000
JJ-0 015680 0000DO 22S JI,NTS 015690 0000
IF(NREACH.EG.ACJ,4)) JJ-1 015700 0000

225 CONTINUE 01s?10 00ee
IF(JJ.EQ.i) GO TO 2SO 01572e e000
ISTOP-1 015730 0000
URITE(LO,1203) NREACH 015740 0e

8s CONTINUE 015750 0000
C ---------------------------------------------------------------- 015760 0000
C CHECK TO MAKE SURE ALL SHAFT SEGMENTS HAVE SHAFTS DEFINED FOR THEM 01S?70 0000

DO 300 I-1,NSS es78e 0000
NSSEG.3(I 2) 0157ge 0000
NSHAFT-B(i) 015800 000
IF(SHAFT(HSHAFT,7).GT.-l0.E29) GO TO 260 015810 0000
ISTOP-1 015820 0000
URITE(LO,1201) NSSEG.NSHAFT 015830 0000

26O CONTINUE 015840 0000
C -- ------------------------------------------------------------- 015850 00000 CHECK FOR PORTAL OR DUMMY SHAFT 015860 0000NPORTeSHAFT(NSHAFT 23) 015870 0000ISHAPSSHAFTCNSHAF. 16) 015880 0000

IF(NPORT.EG.L.OR.ISHAPS.EG.0) GO TO 300 0sge 0000
c ----------------------------------------------------------------08159g0e 0000C CHECK IF SHAPE CODE AGREES UITH SHAFT TYPE 015910 0000

NSSTYP-ScI,IS) 01.590 ee
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IFtNSSTYP.GT.1.OR.ISHAPS.LT.2) GO TO 270 015930 0000
ISTOP-1 015940 0000
WRITE(LO,2345) NSSEG,NSHAFT 015956 060

a70 CONTINUE 8:5960 0ee0
C --------------------------------------------------------------- 015970 e0ae
C CAST IRON SHAFT SUPPORT - CIRCULAR SHAFTS ONLY 015980 0600

ISUPPT-|(I 22) 0sse 000
IF(ISHAPS.EQ.I.OR.ISUPPT.NE.I.OR.NSSTVP.NE.2) GO TO 286 616000 900
ISTOP-1 016010 8600
WRITE(LO,23$8) NSSEG,NSHAFT 016020 000

280 CONTINUE 016030 0000
c------------------------------------------------------------------016040 000
C IF THE SHAFT SEGMENT IS MOLED, ITS SHAPE MUST BE CIRCULAR 616850 0000

MEX-B(I 7) 016060 0ee
IFCMEX.NE.2.AND.MEX.NE.3) GO TO 300 016070 Oeoe
IF(ISHAPS.EQ.1) GO TO 300 0:6080 0000ISTOP,1 016090 0000

URITE(LO.2355) NSSEG.NSHAFT 016100 0000
300 CONTINUE 016110 0000

C -- --------------------------------------------------------------- 0 16120 0000
C CHECK THAT EUERY SHAFT NUMBER ASSIGNED HAS AT LEAST ONE SHAFT 016130 0000
C SEGMENT REFERRING TO IT G16140 0000

DO 350 I,1,NSMAX 016150 0000
IF(SHAFT(I,1).LT.-O.E29) GO TO 350 016200 0000
NSHAFTI 026170 0000
JJ-EO 016180 0060

DO 32S J=1,NSS 01610 0000
IF(NSHAFT.E.(J,I)) JJ-1 016200 0000

35 CONTINUE 016210 0000
IF(JJ.EO.D) GO TO 360 016220 0000
ISTOP-1 016230 0000
URITE(LO,1204) NSHAFT 016240 0000

3S CONTINUE 016250 0000

C--------------------------------------------------------------------- 016350 000C .. ... ... .... ... ... .... ... ... .... ... ... .... ... ... ... 016360 0000

C CHECK ALL REACHES TO MAKE SURE THAT THERE IS AN EXIT SHAFT DEFINED 016370 0000
DO 00 I NTRMAX 016380 0000
IF(TRDAT(I1).LT.-te.E29) GO TO 40 016290 0000
NSHAFTTRDATACI,) e16300 0000
IFCSHATNSHAFT,).GT.-ER.E2) GO TO 4E 016310 0000
ISTOP-1 016320 0000
URITE¢L EL,) INSHAFT 016330 0000

400 COTINUE 016340 0000
C ..R.T.--. . . . . . . . . . . . . . . . . . . . . . 016350 0000

T 1016360 0000
C CHECK FOR ANY STOPS FOUND 016370 0000

42 CONTINUE 016380 0000
IF(ISTOP.E.O) GO TO 500 016390 0000C FATAL ERRORS DETECTED WHICH MAY MAKE FURTHER CALCULATIONS 016400 0000

C MEANINGLESS. TERMINATE RUN AND GO TO NEXT SYSTEM DATA DECK 016410 0ooo

WRITECLO.1011) 016460 0000CALL NEXSET(LO,LI) 016430 0000
RETURN 016440 o00

450 WRITE (L0,1S04) 016450 0000
ISTOP - 1 016460 000t
GO TO 42S 016470 0000
IF NO FATAL ERRORS.LIST MODAL POINT DATA IF REQUESTED 016480 0000

SOO IF(LIST(lJ.EQ.I) RETURN 016490 0000
WRITECLO,1003) 016500 0000
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DO 6o0 1I1,NPMAX elSla 0000
600 IF(CNP(I, 2.GT.-10.E29) WRITE(LO,10e4) 1,CNP(I.2J 016Se, eee

RETURN 0IS30 000a
C 616546 0000
C 016s55 0000
1066 FORMAT(IX,14,SX F18.0) 016560 00
101 FORMAT(/,' FATAL ERROR NODAL POINT.,IS,' MUST BE CHANGED TC A 016s7e @eeo

&NUMiER IN THE RANGE FR6M I TO ',14) 0165ee 000
1062 FORRAT(414,Fs.e 13,F7.0 FS 0 13o4 0 F7 . 13,FS.O) esse @see
1003 FORMAT(/// 16X fSH NODAL PO1AT EVA4IN 8016600 0666
1004 FORMAT(10X:1?, x F9.2) 016610 see0
1005 FORMAT(3F4.0 k8 4 F4.e.F7.e,FS.e,F3.0,FS.0,F7.e,F3.0,F6.0,F4.0,F2. 616620 000

Is F6.8,F3 Wi~e)' 016630 0000
1s FORMAT(4X,F4..Fe. ,F4.e,F..F6.eF3.eFS.0,r?.,F3.0,F 

4 .0, 01664e 0eeeIF2.*,FE..,F2..fI.6,kS.0), 016SEe ezee
100? FORMAT(4F4.e,ex,F8.e,F4.0, F3.e,F6.e.2F3.e0r.F6 ., .e,F3.0, 016660 0000

XFs.9) 016670 ees
1ee8 FORMATI16X,2Fe.0,F4.S,F3.6,FS 0 2F3 0 FS.aF6.0,F2.0,ri.0 FS.0

)  016680 0000
1.11 FORMAT(///,1X,131(' /i)S.X,'PROGRAM 9TOPPED BECAUSE OF ERRCRS 016660 0000

IN SUBROUTINE INPUT '/1X,131(IHS)) 0167e ees
1013 FORMAT(/' FATAL ERROR NODAL POINT',I,' IS INPUTED ON TuO SEP 01671e 0000

IARATE NObAL POINT CARDg') 016i?0 eee
1015 FORMAT(/,' FATAL ERROR SEGMENT' IS,' IN REACH' 1S,' IS OUT OF 016730 0000

ISEQUENCE,CECK DATA CADS ARRANOtMENT OR FOR CORRECT NODAL POINT 016710 0000
2S') 016745

1016 FORMAT(/' FATAL ERROR ALIGNMENT INCLUDES MORE THAN THE ',14,' 016750 ses
1 TUNNEL SEGMENTS ALLOUED') 016760 0000

1017 FORMAT(/' FATAL ERROR ALIGNMENT INCLUDES MORE THAN THE ',14,' 01677e 00e
1 SHAFT SEGMENTS ALLOWE6') 016780 ees

1020 FORMAT(214 F6 a 213 ,FS.0,F4. 0I3,2FS.e,I3,aSx,I) 016790 0000
1021 FORMAT(/ FATAE ERROR, REACH NU! iER',IS,' SHOULD I CHANGED TO 016900 0000

1 ONE IN +HE RANGE OF 1 TO ',151 016810 0000
1022 FORMAT(/,' FATAL ERROR. SEGMENT',5.' REFERS TO REACH',IS.' Bu 01682e 0000

IT THIS REACH MUM ER HAS BEEN PREVIOUSLY ASSIGNED') 016830 0000
1023 FORMAT(/,' FATAL ERROR SEGM~r4T',I5,' REFERS TO SRAFT',IS,' BU 016840 0000

1T THIS SHAFT NUMBER HAS BEEN PREVIOUSLY ASSIGNED') 016850 0000
1025 FORMATI4,F60 ,13 FS .aF?.,F4.0,4F6.0,FS.0,F4., 016960 0000
1026 FORMAT /," FATAL ERROR, DATA FOR REACH',S,' HAUE BEEN SUPPLIED 016870 0000

1 ON TWO SEPARATE REACH CARDS') el6Ge 000
1027 FORMAT(/' FATAL ERROR, DATA FOR SHAFT',15,' HAVE BEEN SUPPLIED e16890 0000

I ON TUO SEPARATE SHAFT CARDS') 016900 0000
1029 FORMAT(,/,' FATAL ERROR EXCAVATION 'ETHOD IN SEGMENT',IS,' IN SH 01691e 0000

AFT',IS,' WAS NOT SPECIFIED BY JSING CODE ZERO(OR BLANK),1,2,3,4'; 016920 ees
1036 FORMAT(/,' rATAL ERROR, EXCAlATIOM METHOD IN SEGMENT',i5,' IN RE 016930 000

IACH'. IS,' JAS NOT SPECIFIED BY jSING CODE 1.2 3,4,S,6,OR 7') e16940 0000
1031 FORMAT(/,' FATAL ERROR, ONE OR BOTH NODAL POINTS IN SEGMENT'.IS,' 0169Se 000e

I IN REACH',lS. JERE NOT LISTED WITH OTHER NODAL POINT DATA CARD 016960 0000
a=s') 016979 0000

1034 FORAT(/,' FA'AL ERROR, SmAFT',I5,' LISTED UITH SHAFT SEGMENT', 169S0 0e
IS " IS NO' NUMBERED IN THE RANGE OF 1 TO ",IS) 0:9990 0000

1040 FORMAT(/,, FATAL ERROR, CIRCULAR SHAPE WAS NOT SPECIFIED FOR MO. ai0' e00 00
lED EXCA4ATION TN SEGMENT'.IS, IN REACH' 15) 0170!0 0000

1041 FORMAT(' ' FATAL ERROR, MUCK TRANSPORT 4THOD IN REACH',IS,' UA 017020) 000
1S NOT SPtCIFIED WIT4 A CODE OF ZERO(OR BLANK) 1 2,3,OR 4') 01703) 0000

1042 FORMAT(/ ' FATAL ERROR TUNNEL SNAPE IN REACH ,S." WAS NOT SPE e17040 00
ICI IED WITH A CODE OF fERO(OR BLANK) 1.2 OR 3'" 0176S 0000

1043 FORMAT(/, ' FATAL ERROR LINING TYPE IN SEGMENT',I5,' IN REACH',1S 017060 00
I,' WAS N5T SPECIFIED WITH A CODE OF ZEROCOR ILA4K),1,2,OR 3') 017070 0600
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104 FORMAT(/,' FATAL ERROR, A LINING THICKNESS IS SPECIFIED FOR SEG O'N 08000
IRENT' 14.' IN REACH' 14,' BUT NO LINING WAS SPECIFIED'; Oi'e90 0080

1046 FORMA+(/, FATAL ERR6R, A LINING THICKNESS 1S SPECIFIED FOR SEG 0:100 000
IMENT' 14' IN SHAFT' 14,' BUT NO LINING WAS SPECIFIED') 017110 2000

1047 FORMAT(/, FATAL ERR6R GROUNDWATER INFLOW :h SEGMENT',15,' :I. S 017120 3000
IHAFT' IS,' WAS NOT SPE6IFIED WITH A CODE OF ZERO(OR BLANK) OR 1'; 017130 0000

1048 FORMA+(/ I FATAL ERROR LINING TYPE IN SEGMENT',IS. IN SHAFT',IS 27140 00ee
I WAS NOT SPECIFIED WITH A CODE OF ZERO{OR BLANK) i 2,OR 3') 017150 0000

1055 FORMAT(/ ' FATAL ERROR, SHAFT',15,' IS NOT NUMBEREL IN TkE RANG 017160 000
IE OF I T6 -,is) 017170 0000

1060 FORNAT(/' **31 WARNING *I*1 ROCK STRENGTH :S LESS TOAN 500 PSI 017190 0000
1 I SEGMNT',IS,' IN REACH',I5,' GETTING CLOSE TO SOFT GROUND', 017190 0000
2SX.14(1H*)) 017200 0000

1062 FORMAT(/,' FATAL ERROR, ROD IN SEGMENT',rS,' IN REACH',I5, 017210 0000
1' IS NOT A NUMBER FROM 0 TO 100') 017220 0000

1064 FORMAT(/,, **R WARNING U**3 TUNNEL SIZE IN REACH'.S,' IS NOT 017230 0000
I WITHIN THE RANGE OF 10 TO 40 FEET',SX.41(1Hx)) 017240 0000

1065 FORMAT(/,' FATAL ERROR, ADVANCE RATE IN SEGMET',IS,' IN REACH', 017250 0000
I IS,' IS LESS THAN 0 FT/DAY') 017260 000

1070 FORMAT(/ , ** WARNING *U*U ROCK STRENGTH :S LESS THAN 500 PSI 017270 0000
I IN SEGMbNT',IS,' IN SHAFT',IS,' GETTING CLOSE TO SOFT GROUND', 017as0 0000
ZSX 14(1H*)) 017290 0000

1072 FORMAT'(,' FATAL ERROR, ROD IN SEGMENT',IS,' IN SHAFT'.IS, 017300 0000
1 'IS NOT A NUMBER FROM 0 TO 100') 017310 0000

1074 FORMAT(/' *It* WARNING *$* SHAFT SIZE IN SHAFT',IS,' IS NOT 017320 000
I WITHIN THE RANGE OF 10 TO 40 FEET' SX 41(1H*)) 017330 0000

1075 FORMAT(/.' FATAL ERROR. ADVANCE RATE IN SEGMENT',I5,' IN SHAFT', 017340 0000
I IS,' IS LESS THAN 0 FT/DAY') 017358 0000

1115 FORMAT(/,' FATAL ERROR, SEGMENT',IS,' IN SHAFT' iS,' IS OUT OF 017360 0000
ISEGUEMCE.CHECK DATA CARDS ARRANGEMENT OR FOR CORRECT NODAL POINT 017370 0000
2s') 017375

1131 FORMAT(/ ' FATAL ERROR, ONE OR BOTH NODAL POINTS IN SEGMENT',I5, 017380 0000
1' IN SHAFT',IS,' WERE NOT LISTED WITH OTHER NODAL POINT DATA CARD 017390 0000
2s') 017400 0000

1200 FORMAT(/,' FATAL ERROR, TUNNEL SEGMENT',IS,' REFERS TO REACH',15 017410 0000
I ' BUT NO SUCH REACH HAS BEEN INPUTED') 017420 0000

1201 PORMAT(/,' FATAL ERROR, SHAFT SEGMENT',I5,' REFERS TO SHAFT',15 017430 0000
I' BUT NO SUCH SHAFT HAS BEEN INPUTED') 017440 0000

1202 kORMAT(/,' FATAL ERROR, REACH',15,' REFERS TO EXIT SHAFT',IS, 017450 0000
1 ' BUT NO SUCH SHAFT HAS BEEN INPUTED') 017460 0000

1203 FORMAT(/,' FATAL ERROR TUNNEL REACH',I5,' HAS BEEN ASSIGNED.BU 017470 0000
IT NO TUNNEL SEGMENTS REFER TO IT') 017480 0000

1204 FORMAT(/ ' FATAL ERROR, SHAFT',IS,' HAS BEEN ASSIGNED,BUT NO SH 017490 0000
IAFT SEGMENTS REFER TO IT') 017500 0000

1500 FORMAT(/, FATAL ERROR,NO SEPARATOR CARD AFTER NODAL POINT DATA') 017510 0000
1501 FORMAT(/,' FATAL ERROR, NO SEPARATOR CARD AFTER TUNNEL SEGMENT D 017520 0000

1ATA',/25X.'-- OR -) 017530 0000
1502 FORMAT(/,, FATAL ERROR, NO SEPARATOR CARD AFTER TUNNEL REACH DAT 017540 0000

IA') 017550 0000
IS03 FORMAT(/,, FATAL ERROR, CHECK FOR MISSING SEPARATOR CARD AFTER 5 017560 0000

IHAFT SEGMENT DATA' /2SX,'-- OR -- ') 017570 0000
1504 FORMAT(/,' FATAL ERROR. CHECK FOR MISSING SEPARATOR CARD AFTER S 017580 0000

IHAFT DATA') 017590 0000
2000 FORMAT(/,, FATAL ERROR, TUNNEL TYPE IN SEGMENT',I5, I IN REACH', 017600 0000

IIS ' WAS NOT SPECIFIED BY USING CODE 1,2 OR 3') 017610 0000
204S FOAMAT(/, FATAL ERROR, EXCAVATION METHO IN SEGMENT',IS.' IN RE 017620 0000

IACH' IS ' DOES MOT MATCH TUNNEL TYPE SPECIFIED') 017630 0000
2010 FORMAT(,' FATAL ERROR, LINING TYPE IN SEGMENT'.I5,' IN REACH', 017640 0000
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Lis DOES NOT MATCH TUNNEL TYPE SPECIFIED'; ese 0000
asis FORAiT(/,' FATAL ERROR, WATERTIGHT LINING REQUIREMENT IN SEGENT 011660 0000

IIS.' IN REACH',IS,' WAS NOT SPECIFIED By USING CODE ZEPO(OR BLA 017670 0000
NK) OR 1') 017680 0000

2017 FORMAT(/' *SS REMINDER *$SE A6L CUT AND COVER TUNNEL SEGI'EN 017690 0000
ITS ARE DESIGNED AS WATERTIGHT -- INPUT IGNORED Is SEGMENT'.IS, 017700 0000
2' IN REACH' 15/2X 'AND WATERTIGHT DESIGN USED') 017710 000

ee FORMAT(/. ,ATAL EAROR, NO LINING OR SUPPORT WAS SPECIFIED IN1 SE 017720 00ea
1GMENT',I.' IN REACH',15,' BuT A wATERTIGHT TUNNEL UAS SPECIFIED ) 017730 0008

02s FORMAT',' . WARNING ~*** GROUND WATER ELEVATION IN SEGMENT 017740 0000

I IS IN REACH',IS,' IS EITHER ZERO OR BLANK - ELEVATION ZERO W: 017150 0000
LL iE USED IN','" COMPUTATIONS',Sx,114(IHJI) 017160 0000

2030 FORMAT(/,' FATAL ERROR. ROD IN SEGMENT',IS," IN REACH',IS,' IS 017770 0000
1LESS THAN 25 IN A ROCK TUNNEL. USE SOFT GROUND OR CUT AND COIER1 017780 0000

2035 FORMAT(/,' *S* WARNING tltt ROD IN SEGMENT',IS,' IN REACH',IS, 011ge 00o
1' IS GREATER THAN 25 FOR A SOFT GROUND TUNNEL',SX,29 lH*)) 017800 0000

2040 FORMAT(/,' FATAL ERROR, SURFACE NODAL POINTS ABOVE SEGMENT',IS, 017810 0000
1' IN REACH',IS,' ARE OUT OF SEQUENCE') 011820 0000

2045 FORMAT(/,, FATAL ERROR, ONE OR BOTH SURFACE NODAL POINTS APC'yE S 017830 0000
IEGMENT' IS ' IN REACH',IS,' WERE NOT LISTED UITm OTHER NODAL POIN 017840 0000
IT DATA CARDS') 017850 0000

2050 FORMAT(/,' FATAL ERROR,SURFACE NODAL POINT ELEVATIONS IN SEGMEN' 017860 0000
I IS,' IN REACH'.is, ARE BELOU TUNNEL ELEVATION', 017870 0000

2055 FORMAT(/," FATAL ERROR, EFFECTIVE GRAIN SIZE IN SEGMENT',I5,' IN 017880 0000
1 REACH',I5.' UAS NOT INPUT') 017890 0000

2060 FORMAT(/, FATAL ERROR, SOIL STRENGTH (PHI AND/OR COHESION; IN 5 017900 0000
IEGMENT',I5,' IN REACH',IS,' WAS NOT SPECIFIED') 017910 0000

2061 FORMAT(/,' ***X JARNING *** POSSIBLE ERROR IN PERMEABILITY IN 0i7920 0000
1 SEGMENT',15,' IN REACH',I5,' - INPUT IS GREATER THAN 10 CM/SEC', 017930 0000
25X 12(1lH)) 017940 0000

2062 FOAMAT(/,' xt*X WARNING ,*Xt FRICTION ANGLE IN SEGMENT',!5,' I 017950 0000
IN REACH',I5,' I5 GREATER THAN 45 DEGREES',SX,35(1H*}) 017960 0000

2063 FORMAT(/,' FATAL ERROR, FRICTION ANGLE IN SEGMENT',IS,' IN REACH' 017970 0000
1 IS,' IS GREATER THAN 100.CHECK FOR NUMBER SHIFTED ON DATA CARD') 017980 0000

2064 FORMAT(/ ' FATAL ERROR, UNIT WEIGHT OF SOIL IN SEGMENT',IS,' IN 017990 0000
1REACH',Ig,' IS TOO LARGE FOR SOIL OR POOR ROCK') 018000 0000

2065 FORMAT(/,' FATAL ERROR, DEWATERING REQUIREMENT IN SEGMENT',IS, 18010 01000
I' IN REACH',IS,' WAS NOT SPECIFIED BY USING CODE ZERO(OR BLANK) 018020 0000
2OR 1') 018030 0000

2070 FORMAT(/,' X*:* WARNING *$x* IrPERVIOUS LAYER ELEVATION IN SEG 018040 0000
IMENT',I5,' IN REACH',I5,' IS EITHER ZERO OR BLANK - ELEVAT:ON ZER 0180s0 0000
20 UILL BE USED'' IN COMPUTATIONS',SX,11IIH*)n 018060 0000

2072 FORMAT(/,' FATAL ERROR, IMPERVIOUS LAYER ELEVATION IN SEGMENT', 018070 000e
115 ' IN REACH',IS,' IS ABOVE AVERAGE SURFACE ELEVATION') 018080 0000

2073 FORMAT(/' FATAL ERROR, IMPERVIOUS LAYER ELEVATION IN SEGMENT', 018090 0000
1IS,' IN REACH',I5,' IS AT THE SURFACE AND SO:L GRAIN SIZE INPU T  018100 0000
2EXCEEDSO.005') 018110 000e

2075 FORMAT(/,' FATAL ERROR, SUPPORT TYPE IN SOFT GROUND SEGMENT', 018120 0000
115 ' IN REACH',IS,' WAS NOT SPECIFIED BY CODE 1,2,3,4,5,OR 6') 018130 0000

2080 FORMAT(/,' FATAL ERROR, SUPPORT TYPE IN SEGMENT',I5,' IN REACH', 018140 0000
115 DOES NOT MATCH TUNNEL TYPE SPECIFIED') 018150 0000

2085 FOAMAT(/,' FATAL ERROR LINING TYPE IN SEGMENT',IS,' IN REACH, 018160 0000
115 ' DOES NOT MATCH SUbPORT TYPE SPECIFIED') 0181?0 0000

2090 FORMAT(/ ' AS** WARNING X** ROCK ELEVATION IN SEGMENT',IS, 018180 0000
1' IN REAIH',IS,' IS EITHER ZERO OR BLANK - ELEVATION ZERO WILL B 018190 0000
2E USED IN'' COMPUTATIONS' SX, 114(1H*)) 018200 0000

2092 FORMAT(/,, FATAL ERROR, ROK ELEVATION IN SEGMENT',I5,' IN REACH' 018210 000
1,15,' IS ABOVE AVERAGE SURFACE ELEVATION') 018220 0000
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28094 FORMAT(/' 9** WARNING S*** CUT AND COVER BOX IN SEGMET',:So 0182-0 Z000
1' IN REA&N' IS,' EXCEEDS 100 FEET'.Sx 42)Hmsf) 01a240 0000

legs FORMAT(/.' fATAL ERROR OPEN CUT RACING IN SEGMENT',i. IN REA 018250 00001CM' IS° WAS NOT SPECIFIED BY USING CODE ZERO(OR BLANK:,l 2 R 3': 019260 8000

a1e FORAAT(/' FATAL ERROR, BRACING CODE FOR VERTICAL OPEr, Cd+ fN SE 018270 0300
1GRENT',Z5,' IN REACH',IS,' WAS NCT SPECIFIED BY USING CODE 1,2,OR 018280 000
I 3') 018290 OOeO

816S FORMAT(/,' FATAL ERROR. DECKING CODE IN SEGMENT'.I5.' IN REACH', 018300 0000
lISo WAS NOT SPECIFIED Bv USING CODE ZERO(OR BLANK) OR 1') 018310 0000

8115 FORMAT(/,' FATAL ERROR STABILITY NUMBER IN SEGMENT',I5,' IN REA 018320 0000
ICH', S,' IS TOO HIGH EXCAQATION IS IMPOSSIBLE') 018330 0eeO

212. FORMAT(/' FATAL ERROR STABILIZATION METHOD IN SEGMENT' I, IN 018340 0000
I REACH',iS,' WAS NOT SPECIFIED BY CODE ZEROCOR BLANK ,I, ,0R 3' 018350 0000

2125 FORMAT(/ ' FATAL ERROR, STABILIZATION USE CODE IN SEGMENT',IS, 018360 0000
1' IN REACH' IS, WAS NOT SPECIFIED BY CODE ',2,3,0R 4') 01837 0000

2130 FORMAT(/,' ATAL ERROR, AIR PRESSURE IN SEGMENT',IS, IN REACH', 018380 0000
115 ,AS NOT SPECIFIED WHEN STABILITY NUMBER WAS INPUT AND AIR P 018390 0000
2REgSURE'/" STABILIZATION SPECIFIED') 018400 0000

2135 FORMAT(/,' FATAL ERROR, STABILITY NUMBER wAS SPECIrIE: IN SEGMEN 018410 0000
IT' IS ' IN REACH',I,', BUT STABILIZATION USE CODE DOES NE 4') 018420 0000

2137 FORMAT(/,' FATAL ERROR, AIR PRESSURE IS SPECIFIED IN SEGMENT',IS, 018430 000e
I' IN REACH',IS," BUT STABILIZATION METHOD NOT COMPRESSED AIR') 018440 0000

2140 FORMAT(/,' FATAL ERROR, STABILIZATION USE CODE IN SEGMENT',IS, 018450 0000
I' IN REACH',IS,' DOES NOT AGREE WIT METHOD SPECIFIED') 018460 0000

2145 FORMAT(/, REm* WARNING **** STABILIZATION METHOD IN SEGMENT', 018470 000e
115,' IN REACH',15,' IS NOT ACCEPTABLE',SX,3(IH*)) 018480 0000

2147 FORMAT(/, FATAL ERROR, INPUT IN SEGMENT',IS,' IN REACH',15, 018490 0000
1' REGUIRtS USE OF AN UNACCEPTABLE STABILIZATION METHOD') 018500 000a

2150 FORMAT(/,' FATAL ERROR, TUNNEL SIZE IN REACH',IS,' INDICATES CU 0185le 0000
1T AND COVER SECTION, BUT SHAPE CODE IS NOT ZERO') 018520 0000

2151 FORMAT(/.' FATAL ERROR TUNNEL SHAPE IN REACH',IS,' INDICATES C 018530 O0O
lUT AND COVER SECTION, hUT SIZE IS SPECIFIED IN WRONG COLUMN') 018540 0000

2152 FORMAT/,' FATAL ERROR SHAPE IN REACH',I5,' INDICATES CUT AND 018s50 0000
ICOVER, BUT A MUCK TRANSPORT METHOD WAS SPECIFIED') 018560 0000

2153 FORMAT(/,' FATAL ERROR, TUNNEL REACH',15,' IS NOT CUT AND COVER 018570 0000
1, BUT NO MUCK TRANSPORT METHOD WAS SPECIFIED') 018580 0000

2155 FORMAT(/,' FATAL ERROR, WORK HOURS IN REACH',I5,' WERE NOT SPEC 018590 0000
IIFIED BY A NUMBER FROM6 TO 24') 018600 0000

2160 FORMAT(/,' FATAL ERROR, WORK DAYS IN REACH',I5,' WERE NOT SPECI 018610 0000
IFIED BY A NUMBER FROM 4 TO 7' 018620 0000

2165 FORMAT(/,' FATAL ERROR, ONE OR BOTH BOX DIMENSIONS IN REACH',IS, 018630 0000
1' WERE NOT INPLT') 018640 0000

2170 FORMAT(/,' X** WARNING *Z* TOTAL CLEAR BOX IDTH IN REACH', 018650 0000
115,' EXCEEDS 40 FEET',SX,SS(1H*)) 018660 0000

2175 FORMAT)/,' FATAL ERROR OPEN CUT IS SPECIFIED IN REACH',I5, 018670 0000
1' AND NUMBER OF BOX UNITS NOT SPECIFIED FOR A SINGLE LEVEL BOX') 018680 0000

2180 FORMAT(/,, **t WARNING *ill BOX HEIGHT IN REACH',IS,' IS GRE 018690 0000
IATER THAN 20 FEET FOR A SINGLE LEVEL BOX',SX,35(1H*)) 018700 0000

2185 FORMAT(/,' 2*:s WARNING **** TOTAL CLEAR BOX HEIGHT IN REACH', 018710 0000
i15 ' IS GREATER THAN 40 FEET FOR A DOUBLE BOX',SX,39(IH*)) 018720 0000

2190 FOMAT(/,' X**: WARNING E*** DEUATERING MAY BE USED AS A STABI 018730 0000
ILIZATION METHOD IN SEGMENT',IS,' IN REACH',IS,' AND IMPERVIOUS LA 018740 0000
2VER IS'/20x.' INCORRECTLY PLACED ABOVE THE TUNNEL. ELIMP WILL BE 018750 0000
3ASSUMED AT +UNNEL INVERT.') 018760 0000

219S FORMAT(/ FATAL ERROR COMPRESSED AIR WAS REQUIRED IN SEGMENT', 018770 0000
115 ' IN AEACH' IS ' AN6 TRUCK MUCK TRANSPORT SPECIFIED') 018780 0000

2200 FORMAT)/ ' FATAL ERROR, CAST IRON TUHNEL SUPPORT WAS SPECIFIED I 018790 0000
IN SEGMENT ',15,' IN REACH ,IS,', BUT CIRCULAR SHAPE NOT SPECIFIED') 01880e 0000
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283l FORMAT(/' FATAL ERROR SEGMENT' IS IN REAH',I5,' IS NOT CL-T 018810 8060
I AND COVER, BUT NO SHAAE WAS SPEtIFIED') 018820 0000

a842 FORMAT(/,' FATAL ERROR SHAPE SPECIFIED FOR SE;MENT',I5., IN PEA 018830 0806
ICH' IS,' IS NOT FOR CU+ AND COVER') 01a840 0000

2203 FORAAT(/ SASS WARNING SASS SOUND ROCK ELEVATION LIES ABOVE B 618850 000
IASE OF TRENCH IN SEGMENT',Is IN REACH' IS.' AND ROD IS BETWEEN 018860 000
us-Se./ex 'ROD MAY BE TOO LOU FOR DESIkN AS S3utD ROCK. 1 618810 0000

2264 FORMAT(/ ' PATAL ERROR, SOUND ROCK ELEVATION LIES ABOVE BASE OF 018880 6060
I TRENCH IN SEGMENT' IS ' IN REACH' IS ' AND ROD IS LESS THAN 2S.'- 018890 0000
2 13X,' ROD IS TOO L6U FOR DESIGN At S6UND ROCK') 01890e 0000

2205 FORMAT(/ FATAL ERROR DEWATERING MUST BE ALLOWED IN SLOPING CU 01890 6000
IT SEGMENT',IS,' IN REACH'jIS,' BECAUSE WATER TABLE IS ABOOE BASE 018920 6066
20F TRENCH AHD'/14X.' ABO V IMPERVIOUS LAYER') 01893e 0000

2207 FORMAT(,', FATAL ERROR, SHAFT 
T YPE IN SEGMENT',I5,' IN SHAFT',I5, 018940 0000

1' WAS NO* SPECIFIED BY USING CODE 1,2 OR 3') 018958 0666
248 FORMAT(/°' *SIX WARNING 33232 NO METHOD OF EXCAVATION OR LININ 01896e 0000

1G TYPE WERE INPUT FOR SEGMENT',I5,' IN SHAFT',I3,'. A DUMMY SHAFT 01837e 0000
2 IS ASSUMED') 018980 0000

22I FORMAT(/,' FATAL ERROR. EXCAVATION METHOD IN SEGMENT',S,' IN SH 018990 0666
1AFT',IS,' DOES NOT MATCH SHAFT TYPE SPECIF:ED') e0oe 000

2212 FORMAT(/.' FATAL ERROR, ROD IN SEGMENT',IS,' IN SHAFT'.IS,' :s 0130le 0000
ILESS THAN 25 IN A ROCK SHAFT. USE SOFT GROUND OR CUT AND COVER 019020 o000e

2215 FORMA T (/,' *%*I WARNING *I* ROD IN SEGMENT',15,' IN SHAT',IS. 019030 6666
1' IS GREATER THAN 25 FOR A SOFT GROUND SHAFT',SX.30(IH*)) 01904e 600

2220 FORMAT(/,' FATAL ERROR, LINING TYPE IN SEGMENT',I5,' IN SHAFT', 0195s0 000
115 " DOES NOT MATCH SHAFT TYPE SPECIFIED' 019060 00ee

2225 FORMAT(/, FATAL ERROR, WATERTIGHT LINING REQUIREMENT IN SEGMENT, 019070 00ee
1,15." IN SHAFT",IS,' WAS NOT SPECIFIED BY USING CODE ZEROCOR BLA 019080 0000
INK) OR 1') 019090 z00

2227 FORMAT(/,, x**z REMINDER 2* ALL CUT AND COVER SHAFT SEGMENT 019100 0000
IS ARE DESIGNED AS WATERTIGHT -- INPUT IGNORED IN SEGMENT',IS, 6±9±10 0000
2' IN SHAFT' IS/51x 'AND WATERTIGHT DESIGN USED') 019!20 00

2230 FORMAT(/ • FATAL ERROR, NO LINING OR SUPPORT uAS SPECIFIED IN SE 019130 00
IGMENT',I,' IN SHAFT',IS,' BUT A WATERTIGHT SHAFT WAS SPECIFIED', 019140 6660

2235 FORMAT(/,, SASS WARNING **IS GROUND WATER ELEVATION IN SEGMENT' 019150 000
1,15,' IN SHAFT',IS,' IS EITHER ZERO OR BLANK - ELEVATION ZERO Ul e19160 6666
ILL BE USED IN'/' COMPUTATIONS',Sx 114(1 H*)) 019!70 0000

2246 FORMAT(/ ' FATAL ERROR GROUND UATER ELEVATION LOCATED UITHIN SE 019180 0000
1GMENT',I6,' IN SHAFT',15," - NEED TO DEFINE NEW SEGMENT AT GuT') 019190 0000

2245 FORMAT(/,, FATAL ERROR, EFFECTIVE GRAIN SIZE IN SEGMENT',15,' IN 019200 066
1 SHAFT',15,' WAS NOT INPUT') 019210 6666

2250 FORMAT(/,' FATAL ERROR, SOIL STRENGTH (PHI AND/OR COHESION) IN 5 019120 0000
1EGMENT',.15,' IN SHAFT',IS,' WAS NOT SPECIFIED') 019130 00e

2251 FORMAT(/,' *S** WARNING $*u* POSSIBLE ERROR IN PERMEABILITY IN 01940 0000
I SEGMENT',IS,' IN SHAFT',I5,' - INPUT IS GREATER THAN 10 CM/SEC', 019250 000
25X 12CIH,)) 019E60 6666

22S2 FOAMAt/,' %*** WARNING $I** FRICTION ANGLE IN SEGMENT',15,' I 019270 060e
IN SHAFT',IS ' IS GREATER THAN 45 DEGREES',SX,35(lH*)) 019280 000

2253 FORMAT(/,' ATAL ERROR, FRICTION ANGLE IN SEGMENT',IS,' IN SHAFT' 019290 0000
I IS ' IS GREATER THAN ISO.CHECK FOR NUMBER SHIFTED ON DATA CARD') 019300 0000

2254 FORAAT(/,' FATAL ERROR, UNIT WEIGHT Or SOIL IN SEGMENT',I5,' IN 019310 0000
ISHAFT',IS,' IS TOO LARGE FOR SOIL OR POOR ROCK') 019326 0000

2255 FORMAT(/.' FATAL ERROR, DEWATERING REQUIREMENT IN SEGMENT'.15, et9336 6660
1' IN SHAFT',I5,' WAS NOT SPECIFIED BY USING CODE ZERO(OR BLANK) 019340 0000
2OR 1') 019350 6900

2260 FORMAT(/,' ***X WARNING ** IMPERVIOUS LAYER ELEVATION IN SEG 019360 6006
IMENT' IS ' IN SHAFT',I. IS EITHER ZERO OR BLANK - ELEVATION ZER 019370 0000
20 WILL iE USED'/' IN COAPUTATIONS',5X,III(1H*)) 019380 0000
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U262 FORRAT(/o' FATAL ERROR IMPERvIOUS LAYER ELEUQ'ION :N SEGMENT-,15 019390 0000
1, IN SHAFT',IS,' IS AiOVE BASE OF SEGMENT. NEED TO DEFINE NEU I 019400 00Z9
E PERVIOUS'' LAYER BELOW SEGMENT OR DEFINE NEW SEGMENT AT IMPERUI 019410 0000
30US LAYER') 019420 0000

2265 FORMAT(/ ' FATAL ERROR SUPPORT TYPE IN SOFT GROUND SEGMENT'.:S, 319430 0000
1" IN SHAT' IS WAS N6T SPECIFIED BY CODE I a 3,4. CR 5') 019440 zae

8?7 FOMAT(/ FATAL ERROR, SUPPORT TyPE IN SEGMEN4 ",It,' Ih SHAFT', a19450 000
115 ' DOEb NOT MATCH SHAFT TYPE SPECIFIED') 019460 0000

2275 FORMATC/"' FATAL ERROR 'LINING TYPE IN SEGMENT',IS,' IN SHAFT', 019470 0000
115 ' DOEb NOT MATCH SUPPORT TYPE SPECIFIED') 015480 0000

2285 FORMAT(/,' FATAL ERROR STABILITY NUMBER IN SEGMENT',I5,' IN ShA 019490 800
IFT',I5,' IS TOO HIGH EXCAVATION IS IMPOSSIBLE'; 0:9500 0000

2290 FORMAT(/ I FATAL ERR6R STABILIZATION METHOD IN SEGMENT' 15 ' IN 019510 8000
I SHAFT',I5.' WAS NOT SAECIFIED BY CODE ZERO(OR BLANK),lkO4 3' 019520 0000

2295 FORMAT(/ FATAL ERROR. STABILIZATION USE CODE IN SEGMENT,IS. 0:9530 0000
' IN SHA4T' IS" wAS NOT SPECIFIED BY CODE 1,2,3,OR 4') 019540 0000

2300 FORMAT(/,' FATAL ERROR, AIR PRESSURE IN SEGMEN.',I5,' IN 5HAFT', 019550 0000
115,' WAS NOT SPECIFIED WHEN STABILITY NUMBER uAS INPUT ANC AIR P 019560 0000
2RESSURE''' STABILIZATION SPECIFIED'; 019570 0000

2366 FORMAT(/,, FATAL ERROR, STABILITY NUMBER WAS SPECIFIED IN SEGMEN 0:9580 0000
iT'IS " IN SHAFT' IS,' BUT STABILIZATION USE CODE DOES NE A') 019520 0000

2307 FORMAT(-,' FATAL ERROR, AIR PRESSURE IS SPECIFIED IN SEGMENT',IS, 019600 0000
I' IN SHAFT', IS,' BUT STABILIZATION METHOD NOT COMPRESSED AIR') 0:9610 0008

2310 FORMAT(/,, FATAL ERROR, STABILIZATION USE CODE IN SEGMENT ',IS, 0:9620 000e
I' IN SHAFT',15,' DOES NOT AGREE UITH METHOD SPECIFIED') 019630 0000

2315 FORMAT(/,' SE** WARNING lXX* STABILIZATION METHOD IN SEGMENT', 019640 0000
1IS,' IN SHAFT' IS IS NOT ACCEPTABLE',30)1H*)) 019650 0000

2320 FORMAT(/,' FATAL ERROR, INPUT IN SEGMENT',I5,' IN SHAFT',IS, 0:9660 0000
1' REQUIRES USE OF AN UNACCEPTABLE STABILIZATION METHOD') 019670 000

2325 FORMAT(/,, FATAL ERROR SHAPE IN SHAFT',IS,' jAS NOT SPECIFIED 019680 0000
1BY USING CODE ZERO(OR BLANK),1,OR 2 019690 0000

2327 FORMAT(/,' *ISt REMINDER EE** SHAFT',IS,' IS A DuMMv. IT HAS e97ee 0000
1HO CONSTRUCTION COST') 019710 0000

2330 FORMAT(/,' FATAL ERROR, SHAFT SHAPE IN SHAFT',I5,' INDICATES A 019720 0000
IDUMMY SHAFT BUT A SIZE IS SPECIFIED') 019730 0000

2332 FORMAT(/ ' ATAL ERROR, SHAFT SIZE IN SHAFT',IS,' INDICATES A D 019740 0000
iUMMY SHAFT, BUT SHAPE CODE IS NOT ZERO') 019750 0000

2335 FORMAT(/,' FATAL ERROR, UORK HOURS IN SHAFT',IS,' UERE NOT SPEC 019760 0000
LIFIED BY A NUMBER FROMO TO 24') 019770 ooeo

2340 FORMAT(/,' FATAL ERROR, WORK DAYS IN SHAFT',15,' WERE NOT SPECI 019780 eoeO
IFIED BY A NUMBER FROM 4 TO 7') 019790 0000

2345 FORMAT(/,' FATAL ERROR, SEGMENT',I5,' IN SHAFT',IS,' :S N ROCK 019800 0000
1 BUT SHAAE IS SQUARE' 019810 0000

235o FORMAT(/,, FATAL ERROR CAST IRON SHAFT SUPPORT WAS SPEC;FIED IN 019820 0000
1 SEGMENT'I.5,' IN SHAFT',IS,', BUT CIRCULAR SHAPE NOT SPECIFIED') 019830 0000

2355 FORMAT(/,, FATAL ERROR, CIRCULAR SHAPE WAS NOT SPECIFIED FOR MOL 019848 0000
lED EXCAUATION IN SEGMENT',IS,' IN SHAFT',I5) 019850 0000

- 019870 000----------------------------------------------------------- 019870 OOeO
019880 0000

END 019890 000SUBROUTINE SFTSETCA,B,CNP,SHAFT,TRDATA,NTSMAX,NSSMAX,NPMAX,NSMAX, 019900 0000
INTRMAX) 019905

C ------------------------------------------------------------------ 019910 0000
C ------------------------------------------------------------------ 019920 0000
C 019930 0000
c THIS SlUBROUTIME WILL CREATE AN ARRAY CALLED SHAFT WHICH CONTAINS 019940 0000
C PERTINENT SHAFT INFORMATION 619950 000
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c 019960 0oe
- 019970 0000o .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 019980 0000

COMMON /BASIC/ NSS,NTS 0000
COMMON /A/ LO LI PMOM LIST(40),TITLE(16e).STABEGITYPE 020010 0000
COMMON /F/ IEARO4, ISTO 020080 0000
DIMENSION A(NTSMAX,68),3(NSSMAX,43),CNP(NPMAX,2),SHAFTtNSMA)(,23,, 010030 0003

I TRDATA(NTRMAX,23) 020040 0000
C -------------------------------------------------------- - 0 o000
C 020060 00a
C INITIALIZE 020070 0000
C 020080 0000

NPToD(t,3) 020090 0000
NP-uI(1,4) 020100 0000
NSEGS-e 020110 0000
1,1 020120 0000
NSSEGI-1 020130 0000

C --------------------------------------------------------------- - 020140 0000
c 02050 0000

10 IP-I 020±60 0000
I.I.1 020!70 0000
NSEGSeNSEGS+1 020180 0000

C 020190 0000
C CHECK FOR LAST SHAFT SEGMENT CARD 020200 0000

IFCI.GT.NSS) GO TO 30 020218 008
C 020220 000e
C SEE IF PREJIOUS SEGMENT UAS IN SAME SHAFT AS THIS SEGMENT 020230 000

IF(B(I,).EQ.BCIP,l)) GO TO 20 020240 0008
GO TO 30 020250 0000

20 NPB.3(I,4) 020260 000e
GO TO 10 0202'0 0000

30 NSHAFT-B(IP 1) 020280 0000
SHAFT(NSHAFT,1).NSSEG1 020290 0000
SHAFT(NSHAFT,2)-NPT 020300 0000
SHAFT(NSHAFT,3)-NPB 020310 0000
SHAFT(NSHAFT,4)*NSEGS 020320 o00
IF(I.GT.MSS) GO TO 40 020330 0000
NPT-0(I,3) 020340 0000
NPB.I(1,4) 020350 0000
NSSEGL.I 020360 00
NSEGS-0 0203?0 0000
GO TO 10 020380 0000

C ----------------------------------------------------------------- 020390 000e
40 CONTINUE 020400 0000

CHECK FOR SHAFTS CONTAINING 1OTH CUT AND COQER AND NON-CC SEGMENTS 0204±0 0000
DO 800 NSHAFT-I,NSMAX 

020420 0000

IF(SHAFT(NSHAFT,I).LT.-0.E29) GO 70 800 020430 0000
NSSEGI-SHAFT(NSHAFT,I) 020440 0000
NSEGS.SMAFT(NSHAFT,4) 020450 0000
DO 700 J1,,NSEGS 020460 0000
NSSTYP-(NSSEGI,15) 020470 0000
IFCJ.EQ.1) GO TO 700 020480 0000
IF(NSSTYP.LT.3) GO TO 700 020490 0000

C SEGMENT IS IN CUT AND COVER 020500 0000
IZ(NSSTVP.EQ.B(NSSEG1-1,.S))GO TO 700 020s0 0000
ISTOP-1 020s2e 0000
NSSEGB'NSSEGI,2) 020S30 0000
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URITE(LO 10) NSSEG,NSHNAT 000e
7.. NSSEGI-NSSEG.I1 820540 a000
100 CONTINUE 820560 oeeo

C ------------------------------------------------------------------ 020570 0000
C CHECK FOR ANY STOPS POUND 020580 3000

IF(ISTOP.EG.S) RETURN 020590 a0ee
C FATAL ERRORS DETECTED.TERMINATE RUN AND GO TO NEXT DATA DECK 828600 eOeO

WRITE(LO ,200) 020610 eee
CALL NEXSET(LO,Lll 020620 eee------------------------------------------------------------------.. 02063e oe eoe

1009 FORMAT(/,' FATAL ERROR, SEGMENT' IS,' IN SHFT',IS,' IS IN CUT 020640 0000
iAND COVEAIuT NOT ALL OTHER SEGMENTS ARE') 020650 0000

2000 FORMAT///,IX,dllg(IX),/2SX,'PROGRAM STOPPED BECAuSE OF ERRORS I 02e660 0008
IN SUBROUTINE SFTSET' ,/Ix,1j9(IHx) 020670 e08

c - ------------------------------------------------------------------ e2068 Oee
S.------------------------------------------------------------------ 20690 000
C 820700 000

RETURN 020710 000
END 020720 0000
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END e2o?2a eee
SUBROUTINE LENGTH (A,B,CNP,SAFT,TRDATA,CUMSL,TSMAX,NSSM X, 020730 0000
IMPMAX,NSMAX,NTRMAX) 020735

c ------------------------------------------------------------------ 020740 0000
C ------------------------------------------------------------------ 020750 0000
c THIS SUBROUTINE CALCULATES ALL SEGNENT LENGHTS AND MUCK TRANSPORT 020760 0000
C DISTANCES 020770 0000
C ------------------------------------------------------------------ 020780 0000
C ------------------------------------------------------------- --- 020790 ee0

COMMON /DASIC/ NSS,NTS 020800 0000
COMMON /A/ LO LI PM,OM,LIST(40),TITLE(1601,STABEG,ITYPE 0208!0 000e
COMMON /F/ IERROk,ISTOP 020820 0e0
DIMENSION A(NTSMAX,68),B(NSSMAX,A3),CNP(NPAX,2),SHAFT(NSiAX,23), 020830 0000
I TRDATA(NTRMAX,23),CUMSL(NPMAX) 020840 000

c-----------------------------------------------------------------------02085000am
C ------------------------------------------------------------------ 0208E0 0000
C CALCULATE SHAFT SEGMENT LENGTHS 020870 0000

DO 20 I-1,NSS 020880 000
NPT-D(I,3) 020890 0000
NPB-B(I,4) 020900 0000
ELNPT-CNP(NPT,2) 020910 eee
ELNPBDCP(NPB,2) 020920 0000
SSEGL.ELNPT-ELNPB 020930 0000

20 BCI,35).SSEGL 020940 eoee
C ------------------------------------------------------------------- 020950 0000
C 020960 e800
C CALCULATE SHAFT HOISTING DISTANCES FOR EACH SEGMENT AND EACH SHAF? 020970 0000
C SUM ......... RUNNING SUM OF SHAFT SEGMENT LENGTHS IN SHAFT 1 020980 0000
C 0209g0 0000

DO 50 1;1 NSMAX 021000 000
IF(SHFT(I,i).LT.-10.E29) GO 70 50 0210:0 0000
NSSEGI-SHAFT(I,1) 021020 0000
NSEGS-SHAFT(i,4) 02030 0000
SLM.0. 021040 0000
DO 40 J-1,NSEGS 02:050 0000
SSEGL-B(NSSEG1 3s) 02:es e00
HH.SUM+.5XSSEGL 02:e7 0000
B(NSSEGI,36).HH a2:080 ee0
SUM-SSEGL SUM 02:090 0000

40 NSSEGI.NSSEGI+ 02:100 0000
SHAFTCI,8) SUM 52i:1i m0ee

C CHECK FOR SHAFT DEPTH GREATER THAN 3000 FEET 02il2a o00
IF(SHAFT( I,8).GT.3000.) URITE(LO,:07:) 1 021130 000

50 CONTINUE 02:140 0000
C - -------------------------------------------------------------------0 2se 0000
C CALCULATE ACTUAL TUNNEL SEGMENT LENGTH (LENGTH ALONG -HE SEG'EN';. 02:160 0000
C AS AN INTERMEDIATE STEP CALCULATE THE STATION'NG OF THE 'LNNEL 02:170 0000
C NODAL POINTS ALONG THE LENGTH OF THE SEGMENTS (NCT THE HORIZONTAL 0218e 0000
C LENGTH), AND THEN CALCULATE HORIZONTAL STATIONING 02.119 0000
C 021200 0000

STA-STAIEG 021210 0000
NPLoA(1 2) 021220 0000
CUMSL(NAL )0.0 021230 0000
CNP(NPL,1)-STABEG 021240 0000
00 60 I-1,NTS 021250 0000
TSEGL-A(I,4S) 021260 000O
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NPLA( .E)02:270 aeso
NPAA(I3) 21280 z008

ELNPLOCNP(NPL,2) 02:290 00e
ELNPA-CNP(NPR,2) 021300 0000
SEGL4QGRT( (ELNPL-ELNPR)S*2+TSEGL:X2) a2:310 0000
CUflSLCNPR )-CUMSLCNPL ).SEGL 02:320 8000
STAwSTA+TSEGL023000

C THE NEXT STATEMENT CONVUERTS TSEGL FROM HORIZ. TO TRUE LEPGTi 021340 0000
TSEGI .SEGL 021350 0e00
A(I I45)-TSEGL 021360 0000

so CNP(NPR.1).STA 021370 0000

NP.(I2 ---------------------------------- 21440 0000

N IPOAINT) OFSGET)UIGNDA3ON TTOIQ21450 0000
ELC.N)P, 021420 0000

ENCNPCIIPR.2) 621470 0000
NSHR-A TANRACH 3) 21450 000
ENPSSHTC NSHAFT ) 021460 0000
ELNPDS*CNPCNPDS2) 021470 0000

C HECK ECH4 aEGHGETRTA 068FE 0MLS 215480 0000
NSHF(RL.OT.1 A60.NRHIEL.61 NEC 021550 0000
A(I 46).FTMSAT3 021560e 0000

EL.ELSN(NPBS E 2)LELP )/2* 0158 0000
HMA(USLPELJ'SORT(M280. )$2- LNz ))/./2 021520 0000

70 A(ZD7MSLOPEB(CMLNL)CML14R)2 021600 0000
C CHECK FOR DUMMH SEHT AET TOHAT LEST0 ONET A D MILER REC 621620 0000

IF(SHAFT.I1) LTO. -10.E9 O01 TO 200 621640 000
AIASSAT 46)16) 02160 0000

C FALULAPSE.0 GLVTO IFRNEFO AEO F O TOG 280OIN 021660 0000
NPORT.NSHAF(EL.23) PR/2 621S70 0000
HScNPORT.EUQ. GOTO M*20 )$-L~s 021580 0000

70 P1S. SHAFTI,3 021600 0000

DO 2CN0 NPD,5A 021700 0000
IF(SHAT.SI G GOL.l@E9 TO TO00 0 021718 0000
NSPS;A(1 16 021720 0000
IFcNTSTYPS.NE.3: GO TO 200 021630 0008
GORT 175 (,2 02170 08000
I00 STA.T-.EO0 OT 0 021780 000
NPJ -HAT*03 0217680 0000
DO 150 J*NS 021770 0000
IFPS.AJ.GTSAE) CT 0 021780 0000
NTPN.AP(3J 021790 0000
IF(NSY.G. 3)P.'AN.T.TCN(P. GO TO 200 021800 0000

50CINUE0 021810 0000
DO615 NTTPAJi16 021820 0000

IF(NTA TCPN1.h.SVP.L7.MPNP.) GO TO 160 021130 0000

IF(J.EQ.NTS) GO TO 17S 021140 0000
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NTST'P;A(J+1,16) e218SO 0000
IF(NTSTYP.EG.3) GO TO 200 021963 0000

175 IERROR*1 021970 0000
LRITE(LO,200) I 021880 0000

aH CONTINUE o2age 0000
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 021900 0000
1061 FORMqAT:/' , X3*3 W~ARNING 9*3 TOTAL .ENGTk OF REACH',15,' EXCE 021910 0000

IEDS 20 MfLES'..5X.51(1HX)) 021920 0000
1071 FORMAT/' *99S WJARNING *Sxs SHAFT',I5.' IS OVER 3000 FT CEEP- 021930 0000

I SX,63(lHSfl 021940 0000
2006 fORMAT(/,' FATAL ERROR, SHAFT',15, IS A DUMMY SH~AFT, BUT TI.ERE 0219S0 0000

I ARE NO ADJACENT CUT AND COVER REACHES') 02196e 0000
RETURN 0219?e 0000
END 021980 0000
SUBROUTINE INOUt I ,B,CNP,SHAFT,TRDATA,NLIE,IP,TSMAX,NSSMAX 021990 0000

INPMAX,HSMAXNTRMAX) 021995c --------------------------------------------------------- 022000 0000
C --------------------------------------------------------- 0220:0 0000

C THIS SLBR%71mNE LISTS OLT THE INPUT DATA 022030 0000
C SEGMENTS ARE LISTED IN THE ORDER Or APPEARANCE ALONa 'mE RCTE 02204e Z000
c 02205e 0000
C I- SEGMENT SEQUENCE NUMBER, NUM1BER IN ORDER OF APPEARANCE 022060 OOee
C 022070 0000!
C---------------------------------------------------------------------- 022080 0000
C---------------------------------------------------------------------- 02209000em
C 022100 oeoe

COMMON /BASIC/ NSS,NTS 022110 0@Z0
COMMON /A/ LO,LIPOM,L1ST(40),TITLE160,SABEG,ITYPE 022120 Z000
DIMENSION A(NTSMAX,68 ),BtNSSMAX,43),CNP(NPMAX,2 ),SHAFT(CNSMAX,23), 022130 000

1 TRDATA(NTRMAX,23) 022140 000e
DIMENSION FMT1(21),FMT215A),FMT37),FMT4(20;,FMTS(13I 022150 0000

C *3$3 R3*EI3*3*3*23**Z3**3EU21***33*022160 0000
C DOUBLE PRECISION STATEMENTS ARE REQUIRED FOR LITERALS HAVING 022170 OeOO
C S TO 8 CHARACTERS ON COMPUTERS THAT HAVE 4 CHARACTERS PER UORD, 022180 0000
C SUCH AS THE IBM 360, FORTRAN IV COMPILER. 022190 0000
C REMOVE THE FOLLOVING DOUBLE PRECISION STATEMENTS FOR COMPUTERS 022200 0000
C THAT HAVE 6 CHARACTERS PER UCRO S.,CH AS THE UNIVAC 1108t 022210 0000
C FORTRAN U COMPILER. 022220 0000
C ALL LITERALS IN THiS SUBROU71ME HAyE A MAXIMUM OF 6 CHARACTERS n2F30 0000
C TO BE COMPATABLE LITH BOTH SY~STEMS. 02224e 0000

DOUBLE PRECISION BLANK,CONU,TMCLER,TMOLES,HANDS,RIPPER,UJERTCC, 022260 0000
±SLOPCCHORSE,BASKEr,CIRCLE,BO,UOBXSLARE,CONVYR,TLJCK,TRAIN, 0222?0 0000
2CONTRKTNON4E,JE-,DRYANO,YES,CIRSEG,OONISEG,STLSEG,STLSE',SCLDER, 022280 me0
3SLURRY',OPENCT,AIRPRS,DEijATR,GRDIN,,UENO,PREFNO,STRJT,ANCHCR, 022290 o00
4STRANC 022300 0000
DOUBLE PRECIS:0N SHAPE,REMK,EXCA ,,UTLI1,ARTL,OURS,DAY'S,SUPPOR', 022310 0000
IDUATERS-ABIL,GAMA,PERM,SABNO0,A:RP,DECK,BRACE,BT,ExMS, 022320 0000e
2SHAPS GRDw 022330 0000
REAL3b JBLANKNONEISHO .CNCPREC:FNEC,USULSXSE,L-YP 022340 0000

C *33*3*3*3* :3*zus: z zx3:33:u 022370 0000
CHARACTER*G FM12x(,A6,',,FM2/'AS,'/,FM3/'A5)',FM4, 022390 0000

1'(1X,A4'/.
IFMS/'1X,A4,'/,FM/'SX,A4,/,FM7'1X,A6'/,FM8'4X,A6,'/,FMS,'A6,'/ 0223!;e 0000
2 FM0,'A6'#/,FMll/ 'cx '4'1 FM12/''Fg.l,'/ Fr113,'FS.I,'/, 022400 0000
3fM14lF5.1'1/,FM1S/'I5,,FA 16,3x,16,',M17/'F7.1,'z, 022410 0000
4FM18/'E±0.2,'/,FM19/'F6.1,'/PM20/'F6.1)'/,FM21/'F7.2,', 022420 00o0
6FM22/'3x,A4, '/,FM23/'I?,'/ 022430 0000
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1'F7.8l~

21 5 1 "'A6 "F /(0,.I.5'E02''71'. FS.0. a2470 0000
I ~Ee.Z,'1..'6.'-F81.' K.6.'F64.'L<.A.',~.A,'. 022470 0000

2'FG.1V1/ 922490 0000
CHARACTER*6 FMT3/'(10X..,'F7.1..1xA6''2xAS,'I''F.2, 022500 000
I 'F*7 2)'/
HARACTERS6 FMT4/1ClX.4'.'.I51I5,. 6'2,6'~62' 082510 0000

I'lXA6,,

CHA ACTERI6 FMTS/'20X,'. , .,,Se.F...Eoaj 022S40 0000

C -022560 0000
DATA BLANK/'' /,.JBLANK,'' '/,IBLANK/' ' 022570 0000
DATA C0NV/1 C0NV ' /,Tr1OLER''MOLER '/,TMOLES-M'OLES l/..MANDSzHAND 022580 000e
IS '/,RIPPER/'RIPPER'/ jER'CC/,v'ERTCC'/,SLOPCC/'SLOPCC,/ 022590 0000
DATA HORSE/'HORSE '/,iASKET/IBASKET'/.CIRCLE/'CIRCLE'',,BOX/'3Ox 022600 0000

I', TI.OOX'TJOCX',SGUARE/'SGUARE'/ 022610 0000
DA+A CONVYR/ICONVYR'/,TRUCK/' TRUCK '/,TRAIN/'TRAIN '/oCONTRK,'CONT 022620 e000

IRK'/022630 e000
DATA NONE' NONE '/TNONE'' NONE ''022640 0000
DATA ISHOT'' SHOT ''/.ICONC/' CONC '.,IPREC/IPRECST'/ 0226S0 0000
DATA LjET/' WET /',DRY'~" DRY I/ 022660 0000
DATA ANO/' NO /,Y'~ES/' YES '/ 022670 0002
DATA CIRSEG/'CIRSEG'/,CCNSEG/,CONSEG'/,STLSEG/'STLSEG-/,STLSET/ 'S 022680 0000
ITLSET'/,SOLDER/'SOLDER'/,SLURRY/'SLURRY'/,OPEN4CT/'OPENCT'/ 022690 0000
DATA AIRPS/'AIRPRS'/,DEUAT/DEUATR'/,GRDINj/'GRDINJ'/ 022700 000e
DATA USENO/'NO USE'PREFNO/'NOPREF-/ 022710 0000
DATA IFNEC/'IF NEC'/,MUSTUS, MUILST 1/ 022720 000
DATA STRUT/'STRUT '/,ANCHOR/'ANCHOR',,STRANC/'STRANC.' 022730 0000

C----------------------------------------------------------------------- 022740 0000
IF(ITYPE.EO.2) GO TO 150 022750 0000
IF(LIST(2).EO.o) Go To 12 022760 000

C SET VJALUES Or GAMMA, PERM, HOURS AND DAYS IF N07 INPUT 022770 0000
NREACH.AC 1.4) 022780 0000
4TSTYP.ACI.16, 022790 eooo
TFCNTSTYrP.EQ.1) GO TO S 022800 000eIF(A(1,22).LT.0.j I ACI,2.120. 022810 0000
IF(AUI,2S .GT.10.E-I0) PERf1.-A( 1.25) 022820 0000
DIO-AUIl 022830 0000
IF(A(I,25').LT.I0.E-Io, PERM-D12R2':0. 022840 0000
AC 1.25 ).PERm 022850 0000

5 CONTINUE 022860 0000
IF(TRDATA(NREACH,8).L-.e.I) 'RDATA(NAREACH,.8.24. 022870 000
IF(TRDATA (NREACH,9).LI.0.1) TDATA(NREACH,9 .6.0 022880 000
RETURN 022890 000

c 028900 0000
C 022910 0000

C----------------------------------------------------------------------022Z920 000010 NLINES.NLINES,1 022930 0000
IFNMLINES.LE.40) GO TO 30 022940 0000

C WJRITE OUT COLUMN HEAZINGS FOR TUNNEL SEGMENTS 022950 0000
C 022960 0000
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WRITE(LO lo0) 02270 3000
URITE(LO1041) e22980 0000
WRITE(LO.1002) 02e990 900
NLINES,* 023000 0000

30 NREACH-A(I,4) 023010 0000
NTSEGA(I 1) 023020 e000
NSHAFT-TR6ATACNREACH.1) 023030 0000
IFT-TRDATA(NREACH,2) 023040 0000
IPmelP M230SS 0000

C ------------------------------------------------------------ e23060 0000
C FIND THE HORIZONTAL SEGMENT LENGTH OF EACH SEGMENT, HSEGL 023070 0000
C (HORIZONTAL SEGMENT LENGTH AS GIVEN IN THE INAUT 023080 0000
C MUST BE CALCULATED SINCE IT WAS PREVIOUSLY DESTROYED JHEN 023090 0000
C IT WAS CONVERTED TO LENGTH ALONG THE SEGMEN

T , TSEGL(i)) 02310e 0ee
NPL-A(1,2) 023110 0000
NPR-A(I 3) 023120 0000
SEGLCNP(NPR,1)-CNP(NPLol) 023130 0000
LSEGL*SEGL 023140 0000

C ------------------------------------------------------------------ 023150 0008
C FIND ALPHA NAME FOR SHAPE 023160 0000

40 ISHPE-TRDATA(NREACHo3) 023170 0000
IBOX2-TRDATA(NREACH,13) 023180 0000
IF(ISHAPE.EQ.0) SHAPE-BOX 023190 0000
IF(ISHAPE.E.e.AND.19OX2.EO.1) SHAPE-TWOBOX 023200 000e
IF(ISHAPE.EQ.1) SHAPE-CIRCLE 023210 0000
IF(ISHAPE.EQ.2) SHAPE-HORSE 023220 0000
IF(ISHAPE.EQ.3; SHAPE-BASKET 023230 0000

C - ---------------------------------------------------------------- 023240 0000
C FIND THE ALPHA NAME FOR THE LINING TYPE 023250 0000

LINING-ACIl 10) 023260 0000
IF(LINING.EG.0) LTYP-NONE 023270 0000
IF(LINING.EG.I) LTYPwICONC 023280 0000
IF(LINING.EG.2) LTYP-ISHOT 023290 0000
IF(LINING.EG.3) LTYP-IPREC 023300 0000
IF(LINING.EG.4)LTYP.IPREC

C ------------------------------------------------------------------ 023310 000
C FIND ALPHA NAME FOR MUCK TRANSPORT METHOD 023320 0000

50 MTM-TRDATANREACH,4) 023330 0000
IF(MTM.EG. ) REMK-TRUCK 023340 0000
IF(MTM.EG.2) REMKCONUYR 023350 0000
IF(MTM.EG.3) REMK-TRAIN 023360 0000
IF(MTM.EO.4) REMK-CONTRK 023370 0000

C - ---------------------------------------------------------------- 023380 0000
C FIND ALPHA NAME FOR METHOD OF EXCAVATION 023390 0000

60 MEX-ACI 7) 023400 0000
IF(MEX.6g.1) EXCAV-CONV 023410 0000
IF(MEX.EG.2) EXCAU-TMOLER 023420 0000
IFC MEX.EG.3) EXCAV-TMOLES 023430 0000
IF(MEX.E.4) EXCAU-HANDS 023440 0000
IF(MEX.EG.5) EXCAV-RIPPER 023450 0000
IF(MEX.EO.6) EXCAV-VERTCC 023460 0000
IF(MEX.EO.7) EXCAV-SLOPCC 023470 0000

C FIND ALPHA NAME FOR WATERTIGHT REQUIREMENT 023480 ee
LINUTeA(I 15) 023490 0000
IF(LINUT.G.e WTLIN-ANC 023500 0000
IF(LINWT.EO.1) UTLIN-YES 023S1 000
NTSTYP-A(I 16) 023520 0000
IF(MTSTYP.tQ.3) WTLINmYES 023530 0000
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------------------------------------------------------------ ------ 023S40 0000
70 ARSACI 3) 023S50 0000

JRS.Ail 5) 023S60 0000
JROD.A(1 ,6) 023S70 000e
JRTEMP-A(I, 12) 023580 0000
INFLOwwA(I 9) 023590 0000
ZFINFLOU.1T.0) INFLOW-O 023600 0000
TL-A(I.11) 023610 0000
IFCTL..E.S.) TL-0. 023620 000
ELUATRA(I 14) 023630 0060
HOURS.TRDA+A(NREACH 8) 023640 0000
DAYS&TRDATA(NREACH.9) 023650 000

C ------------- ---------------------------------------------- 023660 000
C CHECK TO SEE IF THIS IS THE SAME REACH AS FOR PREVIOUS SEGMENT 023670 000

S ZF(IPR.EO.NREACH) GO TO go 023680 0000
C SET UALUES OF HOURS AND DAYS FOR PREVIOUS REACH IF NOT INPuT 023690 ees

IFCI.EO.1) GO TO 88 023700 ese
N-A(I-I 4) 023710 O0o
IF(TRDAtA(H,8).LT.0.1) TRDATA(N,8.)24.0 023720 0000
IF(TRDATA(N,9).LT.0.L TRDATA(N,9)*6.0 023730 0000

88 WRITECLO 1004) 023740 0000
90 IF(IPR.E6.NREACH) URITE(LO,2000) 023750 0000

NLINES.NLINES+l 023760 0000
C ---- -------------------------------------------------------------- 023770 0000
C ADJUST FORMAT AND WRITE STATEMENTS TO PUT BLANKS IN OUTPUT UHEN 023780 ees
C VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 023790 0000

91 IF(AR.GT.0.e) Gn TO 92 023800 0000
AR-BLANK 023810 0000
FMT1lil)*FM1 023820 0000

92 IF(TL.GT.e.0) GO TO 93 023830 000
TL-BLAHK 023840 0000
FMT1(17),FM2 0238se sees

93 IF(HOuRS.GT.0.0) GO TO 94 023860 0000
HOURS-BLANK 023870 0000
FMT1(20e)FM2 023880 0000

94 IF(DAYS.GT.0.0) GO TO 95 023890 0000
DAVS*BLANK 023900 0000
FMTIC21)-FM3 023910 000e

95 IF(IPR.NE.NREACH) GO TO 98 023910 e0e
NREACH-IBLANK 023930 0000
FMTI(1)PFM4 023940 0000
HOURSBLAHK 023950 0000
FMTI(20)*FM2 023960 0000
DAYS.BLAhK 023970 0000
FMTI(21),FM3 023980 0000

98 IF(NTSTYP.GT.1) GO TO 100 023990 0000
C ------------------------------------------------------------------ 024000 0000
C ROCK TUNNEL 024010 0000

URITECLO.FMTI) NREACH NTSEG NPLoNPR NSHAFTLSEGL SHAPE,BFT.REMK, 024020 0000
1EXCAVARJRSJRD,JRTtMPINLOLTYP.TLTLIELATR,HOURS,DAYS 024030 0000
GO TO 140 024040 0000

C - . ..------------------------------------------------------------- 024050 0000
C SOFT GROUND TUNNEL OR CUT AND COVER BOX 024060 0000
C FIND ALPHA NAME FOR SUPPORT TYPE 024070 0000

106 ISUPPTACI 26) 024080 0000
IFCISUPPT.Jo.0) SUPORTTNONE 024090 0000

IF(ISUPPY.EG.() SUPORT-CIRSEG 824100 0000IF(ISUPPT.EQ.2) SUPORT*CONSEG 024110 ease
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IF( ISUPPT.EQ.3) SUPORT-STLSEG 024120 0000
IF(ISUPPT.EG.4) SUPORT-STLSET 024130 0eo0
IF( ISUPPT.EO.5) SUPORT.SOLDER 024140 0eoo
IF(CISUiPPT.EG.*6) SUPORT SL uRRY 024150 800

C FIND ALPHA N4AME FOR ALLOUING DEWATERING 024160 0000
IWATEReACI 23) 024170 OeO
IF(IUATER.10.0) DUATER.ANO 024180 0000
IF(Ii.ATER.EO.±1 DUATEA.YES 024190 0000
MPLS.A( 1,171 024200 ee00
NPRS*A 1.181 024210 0000
DIS.ACZ.19) 024220 0000
PNI*6.0 024230 0000
COHESH-0.0 024240 e000
IF(A( I,20).G'!.0.0) PHI.A( 1,201 024250 00ee
IF(A(I,21).GT.@.0) COHESN.A(I,21' 024260 0000
GAMMA.A(1.22) 024270 0000
ELIMP-AC 1,24) 02428e 0000
PERM-ACI,25) 024290 000a
STABNO.A(1,30) 024300 0200

C FIND ALPH4A NAME FOR USE OF STABILIZATION METH.OD 024310 0000
!UST.AUl 32) 024320 0000
IF(MUST~kQ.2 1IUSEilFNEC 024330 0000
IFCMUST.EO.3 )IUSE.IFNEC 024340 0000
IF(MUST.EG.4 UUSE-MUSTUS 024350 000a
AIRPR'A( 1,33) 02436e 0000

C FIND ALPHA NAME FOR STABILIZATION METHOD 024370 0000
M'STABA1,31 1 024380 0000
IF(MSTAB.EQ.0.AND.MUST.LE.2) STABIL.PREFNO 024390 0000
IF(MSTAB.EG.0.AND.MLST.EQ.4) STABIL*USENO 024400 0000
IFCMSTA9.EO.1) STADIL-AIRPRS 024410 0000
IF(MSTAB.EO.2) STADIL.DELJATR 024420 0000
IF(MSTAB.EG.3) STABIL.GRDINJ 024430 0000

c ADJUST FORMCAT AND URITE STATEMENTS TO PJT BLANKS IN OUTPUT UMEN 024440 0000
c VARIABLE CH~ECKED IS NOT SPECIFIED IN INPUT DATA 024450 0000
C DO NOT PRINT TEMPERATURE UNDER ROCK LISTING 024460 0000

JRTEMP. IBLANK 024470 0000
FMTI(141.FMS 024480 000

105 IF(JRS.GT.0) GO TO 106 024490 0000
JRS. IBLAt4K 024500 0000
FMTI(12)-FI6 024510 0000

106 IF(JRGD.GT.0, GO TO 107 024520 0000
JRQD- IBLANK 024530 0000
FMT1(13).FMS 024540 000e

10 IF(GAMMA.GT.O.0) GO TO IeS 024550 2000
GAMMA-BLANK 024560 0000
FMT2C4 ).FM7 024570 0000

108 IF(PERM.GT.0.0) GO TO 109 024580 0000
PERM-BLANK 02490 0000
FMT2(7 .FMB 024600 0000

109 IF(STABNO.GT.O.0) GO TO 110 024610 0000
STADNO-BLANK 024620 0000
FM72(12).FM9 024630 0000

110 IF(MUST.GT.1) GO TO 112 024640 0000
IUSE*JBLANK 024650 0000

112 IF(AIRPR.GT.O.0) GO TO 118 024660 0000
AIRPR-8LANK 024670 0000
FMT2C 15 1.FMIO 024680 0000

118 IF(NTSTYP.EQ.3) GO TO 120 024690 0009
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C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 024700 eae
C SOFT GROUND TUNNEL 024710 0000

URITE(LO FMTI) hREAC4 NTSEG NPL NPR NSHAFT LSEC*L,SIPEDFT,E K, 024720 000e
IEXCAJ ARJRS JRODJRTP,INLULTYA.?LUTLIN,ELJA-R.HOURSDAYS 024730 0000
JRTE'A.AdI Wh 324740 eee
WRITECLO FAT2) HPLS,NPRS Die GAMMA PHI,C0HESN,PERMJRTEMP,DWJATEP, 024750 0000

IELIMP SuAORT STADNOSTABIL,1USE,AIAPR 024760 0000
NLINEJ!NLINE4.1 024770 00ee
GO TO 140 024780 0000

c----------------------------------------------------------------------- 024790 0000
C CUT AND COVJER 024800 0000
C FIND ALPHA NA19ES FOR DECKING REGUIREMENT 024810 0000

120 IDECK.A(I 29) 024820 0000
IF(IDECK.6O.0) DECK.ANO 824830 0000
IF(IDECK.E0.1) DECK-YES 024840 OeOO

C FIND ALPHA NAME FOR BRACING SPECIFIED 0248S0 0000
IBRACE-A(I 28) 024860 0000
IF(IBRACE.90.0) BRACE.TNONE 024870 0000
IF(IBRACE.E.11) BRACE-STRUT 024880 0000
IF(IBRACE.EG.2) BRACE-ANCHOR 024890 0000
IF(IBRACE.EQ.3) BRACE.STRANC 024900 0000
ELRCCK*A( 1.27) 024910 00Z0
NREACH.A( 1,4) 02492e 0000
NBOX-TRDATA(NREACH 10) 024930 0000
BF9BTTRDATA(NREA6H, 11 024940 0000
BFDHTTRDATANMREACH 12) 024950 0000

C ADJUST FORM AT AND WkITE STATEMENTS TO PUT BLANKS IN OUTPUT WHEN 024960 0000
C VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 024970 0000
C REMOVE TUNNEL. SIZE, M1UCK TRANSPORT, SOIL Er PERATURE, AND 024980 0000
C STABIL.IZATION FOR CUT AND COVER. 024990 000e

IF(IPR.EO.NREACH) NREACH.IBLANK 025000 0000
BFT-BLANK 025010 0000
FM'TZ1(8 .FM7 02502e 0000
REM'K*ILANK 025030 000
JRTEt1P I BLANK 025040 0000
FMT2(8)-FMS 025050 0000
IF(IN4FLOWj.GT.0) GO TO 138 025060 0000
INFLOWi-IBLANK 025070 0000
FMTI C 15)-Fr1 025080 0000
STABIL-BLANK 025090 0000

138 JRITE(LO,FMI NREACH,NTSEG,NPL,NPR NSHAFT,LSEGL,SHAPE,BFTREMK. 025100 0000
1EXCAV,AR,JR5,jRD,JRTEM P, INFLOU,LTY6,TL,UTLIN,ELTR,HOURS.DAYS 025110 0000
URITE(LO,FMT2) NLS,NPRS,DIO,GAA,PI,COHESN,PERn,JPTEMP,DATER, 025120 Fm1Te
IELIIP,SLPORT,STABNC,S-ABILIUSE AIRPR 025130 FMTO
IRITE(LC,FMT3) ELRCCK,DECKBRACt,NBOX,BFBJDT,BFBHT 025140 0000
MLINES-NLINES+2 025150 0000

C---------------------------------------------------------------------- 025160 0000
140 NREACH-A(1,4) 025170 0000

IFI IPR.NE.NREACHN IPR.NREACH 025180 0000
C SET VALUE FOR GAMMA IN THIS TLNNEL SEGMENT 'F NOT INPUT 025190 0e00

IF(NTSTYP.GT.IAN.AI,22).LT.0.1 ) AC 1,22)-120.0 025200 0000
C SET VALUE FOR PERMEABILITY IF NOT INPUT 025210 0000

IF(NTSTYP.GT.x.AND.AcI,25).GT.10.E-10) PERM--PERM 025220 0000
IFa4TS?%YP.GT. 1.AND.A(1,251 .LT. 10.E-10) PERM*D10**2/l0. 025230 000
All 25).PERM 025240 0000
Ip.fPR 025250 0000

C RESET FORMATS TO ORIGINAL IN DATA STATEMENT 025260 0000
FMTl1 )vFMll 025270 00
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FNT1(10w i 00002 258
F71(17)mFMI3 250 0000

FflIl(3, )'!~3 C2S300 0002
FMTI(21 ).PM14 ale00
IF(NTSTYP.EQ.l) GO TO 145 025330 0002
FMTI (14) .FM1S 025330 0002
FMT1 C12) .FMI6 025340 o000
FMTI (13) .FMIS 025350 0000
FMT2(4)mFMl? 025360 000a
FMTaC7 )-FM1U 025370 00ee
FMTa(12).FM19 02S390 0000
FMT2C 15 ).FM2S 025390 00e0
!F(NTSTYP.EG.2) GO TO 145 025400 0000
FMT1 Cl).FM21 025410 0066
FMT2(9 )-FMIS 02S420 0000
FMT1C15 ).FMIS 025430 00ee

145 CONTINUE 025440 00a0
IF!.1I.LE.NTS) RETURN 025450 0000

C SET HOURS AND DAYS FOR LAST REACH IF NOT INPUT 025460 0000
IF(TRDATA(NREACNH,8).LT.0.1) TRDATA I REACH,B)-24.0 025470 00
IF(TRDATA(NREACH,9).LT.0.1, TRDATA(NREACH,9).6.0 025480 000e
WRITE(LO.1004) 025490 0000
RETURN 025500 0000

C 02SSI0 00
C : m * * * * m u : u ** : : * z zt025520 00eO
C 025530 060
C $** ** fl*** *** *:~ X Z 025540 0000
C *zzUz *2*S *zZE u**:u *S**RZ025550 0000
C 025560 0000

156 IFCLIST(3).EQ.O) GO TO 200 025570 0000
C SET VALUES OF GAMMA, PERM~, HOURS AND DAYS IF NOT INPUT 025580 00600

NSHAFT*D(I,l) 025550 0000
NSSTYP;9(I 15) 025606 00e
IF(NSS YP.HG.l) GO TO 166 025610 0000
IFC3(I.18).LT.9.1) B(1,18)-120. 025620 0000
IFC3(I 23).GT.10.E-16) PERM-(I.23) 025630 0000
DIG.3(l 16) 025640 0000
IF(3(I~h3).LT.10.E-10) PERM-D16S*2'110. 025650 0000
3(1 23)-PERM 025660 000

166 CON*INUE 025670 0006
IF(SHAFT(NSHAFT,17).LT.O.1) SHAFT(NSHAFT,17).24. 0256S0 0000
IF(SHAFT(NSHAFT,18).LT.0.1) SHAFT(NSHAFT,18).6.0 025696 0000
RETURN 025706 0000

C WRITE OUT THE DATA CONCERNING THE SHAFTS 025710 0006
C 025720 0000
C 02S736 0000
C---------------------------------------------------------------------- 025746 0000

266 NLINESoNLINES.1 02S750 0000
IF(MLINES.LE.4S) GO TO 230 625766 9000

C 025770 0000
URITECLO. 1016) 025790 6060
URITE(LO,1011) 025796 000
MLINES*6 025860 0000

230 NSHAFT9(I 1) 025316 0000
NSSEGm (1 I.) 025320 0666
3F6.SHAFT(HSHAFT,7) 62536 000
NPTal(I,3) 025346 6666
NP3u3(1.4) 62535O69006
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t4PORTaSIAFT(NSHAFT B3) 025860 0ooo
rIPTSeSHAFT(NSHAFT.k a asa~e ooze
tIPlSsSNAPFc NSHAF?, 3) assee 0080

NSSI'V1( .15) 825910 000
IPSNIP 32592e Moe

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 025930 0000
C F114D THE ALPHA NAME FOR THE LINING TYPE 625940 0000

LUhING.I(I it) 025950 0000
IF(LINIt4G.tG.0) LTYP-NOME 025960 80l00
IF(LINING.EG.1) LTYP*ICOiC 025970 0000
IF(LININ1G.EQ.2) LTYP.ISHOT 025980 0000
IF(LINING.EQ.3) LTYP.IPREC 325990 0000

-- - - - - - -- - - - - - -- - - - - - - 026000 0000
C F11ND ALPHA NAME FOR EXCAI)ATI( N METHOD 826010 0000

240 nEX;8B(I 7) 026020 MO
IF( E . G.0) EXMS.TNONE 026030 0000
IF(MEX.EO. 1) ExM S.COhu 026040 0000
IFIPIEX.EG.2) EXMS.TMCLO)ER 026050 0000
IF(MEX.EQ.3) ExMS.TMOLES 026060 0000
IF(MEX.EQ.4) EXMS.MANDS 026070 0000

C FIND ALPHA NAnE FOR SHAFT SHAPE 026080 0000
ISHAPS-SHAFT(NSHAFT. 16) 026090 0000
IF(ISHAPS.EG.1) SHAPS.CIRCLE 026100 0000
IF(ISHAPS.EQ.2) SHAPS-SQLJARE 026110 000

c FIND ALPHA N4AME FOR WATERTIGHT REOUIREMENT' 026120 0000
LINLJT.8( , 14) 026130 0000
IF(LINUT.EO) LTLIN.ANO 026140 000
IF(LINUT-EQ.I) I JTLIN.%'ES 026150 0000
Pr(NSSTYP.EQ.3) ITLIN-YES 026163 0000
ELWATR-9( 1.13) 026170 0000
HOURS.SHAFTNSHAFT, 17) 026180 0000
DAYSoSHAFTCHSHAFT.189 026190 0000

C--------------------------------------------------------------------- 026200 8000
AR. DCI *8) 026210 0000

C FIND ALPHA NAME FOR SHAFT GROUNDUATER INFLOu 026220 0000
INFLOU.BCI,9) 026230 0000
IF(INFLO.E0.1) GROW-WET 026240 0000
IF(INFLOLJ.E.0) GRDLJ*DRY 026250 9000

C----------------------------------------------------------------------- 026260 0000
TL.DI 11) 026270 0000
IF TL.LE.O.) TL.0. 026280 0000
DDS-SHAFT(NSHAFT,S) 026290 0000
IARTEM.SHAFT(NS4AFT. 11) 026300 0000

260 ICDS-SHAFT(NSHAFT,6) 026310 0000
C------------------------------------------------------------------ 026320 0000
C SEE IF THE SHAFT FOR THIS SEGMENT IS SAME AS PREVIOUS SHAFT 026330 0000
28S IF(IPS.EQ.NSHAFT) GO T~O 290 026340 0000

c SET VALUES OF HOURS AND DAYS FOR PREkdIOUS SHAFT IF NOT INPUT 026350 0000
rF(I.EO.li GO TO 288 026360 0000
N;Bc(-l 1) 026370 0000
I t SHAFt(N,i7 ).LT.0. 1) SHAFT(H,17 )24.0 026386 0000
IFCSNAFTN,181.LT.9.1) SHAFT(N,18)-6.0 026390 0006

288 URITE(LO 1004) 026400 0000
a90 IF CIPS.E.6.NSHAFT) URITEu(.O,2e0 026410 0000

NLINES.NLINES, 1 026480 0000
C CHECKC FOR PORTAL 026430 0000

(Continued)
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IF(NPORT.EO.O) 0O TO age 026440 000
607(LO 8200) MSHAFTr,NPTSDDS,ICDS.IARTEM fa6460 0000
GOT366 036460 000

C - - - - - - - - - - - - - - - - - - - - - -- 026470 000
C DUMMY SHAFT IS INPUT WHEN 1NO SHAFT 15 REQUIRED FOR OPEN CUT REACH 026410 0000

M0 IF(ISWAS.N4E.O) GO TO 300 086490 0000
URITE(LO a110) NSHAFT.NSSEG,NPTS.NPBS,DDSICDSIANTEM 0265" 0060
Go To 354 026510 a000

ADJUST FORMAT AND WRITE STATEMENTS TO PUT PLANKS IN OUTPUT WHEN 026530 1000
VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 026540 $000

300 IFCAR.0.0.4 GO TO 301 02650 000
AReBLANK 026560 0000
FNT4(U )-FAl 026570 8000

301 IF(TL.QT.S.0) GO TO 302 0266 0000
TL-PLAtK 026590 0000
FMT4(13)Fi 02680 0000

362 !F(HOURS.GT.0.0) GO TO 383 026610 0800
HOURS *ILANK 026620 0000
FM74 19 .FM9 026630 0000

303 !F(DAYS.GT.0.0) GO TO 30S 026640 0000
DAY'S-BLANK 026650 0008
FMT4C20O FM 026660 000

305 IF(IPS-NE.NSHAFT' GO TO 308 026670 0000
NSHAFT. IBLANK 086630 Nee0
FP.74 I .Fr4 026690 0000
HOURS-BLANK 026700 000
FMT4(19)oFM9 026710 0008
DAYS*BLAHK 026720 000
FMT4(eG)-FM3 826730 0000

308 IF(NSSYP.GT.1) GO TO 316 026740 0000
C-- --------------------------------------------------------------- 026750 0000C ROCK SHAFT 026760 0000

WRITE(LO FMT4; NSHAFT NSSEG MPT NPR SHAPS,BFS EXMSARJRSJRGD, 026770 0000
1GRDW LTYATL,UTLINDD4,ICDSIARtEN.tLuJATR,HOUhSDAYS 026780 0000
GO T6 358' 026790 0000

C-- -- --------------------------------------------------------- 026800 00C SOFT GROUND SHAFT OR CUT AND COVJER 086810 0000
c FIND ALPHA NAMiE FOR ALLOWING DEWATERIMG 026820 0000

310 IUATER*8(1 21) 026830 0000
IF( ZWATER.tO.O) DQATER.ANO 026840 0000
IF(IWAER.EG.1) DLIATER*YES 026850 0000

C FIND ALPHA NAMIE FOR SUPPORT TYPE 026860 0000ISUPPT*1(I 22) 026870 0600
IF( ISUPPT.tO. 1) SUPORT-CIRSEG 026830 0o00
IF( ISUPPT.EG.2) SUPORT-CONSEG 026890 s000
!FC ISUPPT.EG.3) SUPORT*STLSEG 026900 ego0
IF(ISUPPT.EG.4) SLJPORT-STLSET 026910 0000
IFC ISUPPT.EQ.S) SUPORT-OPENCT 026920 0000
D10.3(I,i6i 026930 000
GAMM~A.3cI 18) 026940 000"
PHZ.0.4 026950 0000
COHESNo.1 026960 0004
IF(I(I,19).GT.0.0) PHI*3(r 19) 026976 0000
IFC3(1,2.7,.GT.*.o, COHESN*4C117) 026930 0404
PERPI.3(I a3) 016990 0000
EL giqwi 10) 027000 0000TIARN V a.4) 027010 0000

(CoilL iflhld)
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C FIND ALPHA NAME FOR USE OF STABILIZATION METHOD O20 000
nUSToVi 36) 0630 ee
IF(MUST.LO.a)IUSE-IFNEC 027046 eg.
IF(MUST.EO.3)IUSEIFNEC E70SO 0006
IF(RUST.EO.4)IUSEMUSTUS 027060 6000
AIRPR.3(I 87) 027070 00ee

C FIND ALPHA NAME FOR STABILIZATIOM METHOD 087080 ea00
MSTAl.|(I 3S) 027S90 0000
IF(MSTAB.HO.0.AND.MUST.LE.2) STAIIL-PREFNO 687106 ee
IF(MSTAf.EG.0.AND.MUST.EG.4) STABIL-USENO 027110 000
IF(MSTAD.EQ.1) STADIL-AIRPRS 027120 0000
IF(MSTA3.EG.2) STABIL-DEWATR 08713e 0000
IF(MSTAD.EG.3) STABILGRDINJ 027140 000

C ADJUST FORMAT AND URITE STATEMENTS TO PUT BLANKS IN OJTPUT UHEN 0271S0 e0ee
C VARIADLE CHECKED IS HOT SPECIFIED IN INPUT DATA 027166 0000

IF(GAMMA.GT.D.0) GO TO 320 027170 0000
GAMMA*SLANK 027180 0006
FMTS(3)-FM?7 027190 0000

320 IF(PERM.GT.e.0) GO TO 321 027200 00ee
PERM-BLANK 027210 0000
FMTS(6)-FMS 027220 0000

321 IF(STABNO.GT.S.0) GO TO 322 027230 e0eSTADNO-DLANK 027240 0000
FMTS(10),FM9 027250 oeee

32 IF(MUST.GT.1) GO TO 324 027268 0ee
IUSE-JBLANK 027276 0000

384 IF(AIRPR.GT.0.0) GO TO 325 027280 0000
AIRPR-BLANK 027230 0000
FMTS(13).FMIO 027300 0000

38S IF(JRS.GT.0) GO TO 326 027310 0000
JRS-ILANK 027320 0000
FMT4(g)-FM6 027330 000

326 IF(JRQD.GT.0) GO TO 329 027340 0000
JRGD.IBLANK 0273S0 0060
FMT4(10)eFMS 027360 0000

329 IF(NSSTVP.EG.3) GO TO 330 027370 0600
C ------------------------------------------------------------------ 027380 0e0c SOFT GROUND SHAFT 027390 0000

WRITE(LO FMT4 HSHAFT NSSEGNPT NPB SHAPSBFS EXMS,AR.JRSJRGD, 027400 0000
1GRDWU LTY TL, TLIN, DDSICDS IAR EIM, LUATR'HOUkS,DAYS 027410 0000
URITVCLO 600) DIOGAMMA.PHICOHESPERMbUATER.ELIMPSUPORT, 027420 0000
1STABNOStABILIUSEAIRPR 027430 0006
MLINES*NLINES+! 027440 0000
GO TO 315 027456 0000

C - ---------------------------------------------------------------- 027460 0000C CUT AND COVER 027470 9000
C SHAFT IS BUILT WITHIN OPEN CUT CONSTRUCTED FOR TUNNEL 087430 0000
C ADJUST FORMAT AND URITE STATEMENTS TO PUT BLANKS IN OUTPUT WHEN 027490 0006
C VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 027500 0000
C REMOVE VARIABLES THAT DO NOT APPLY TO CUT AND COVER 087510 0000
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C OR jARTl1M#DWAT[R*ELZIMPSTAlIL 037536 04416
330 ON LAWE 03736 0041

IATMeIlLAW4 687546 001
PN4 ).Fml 627656 0444
DUTR3AN 637660 "Of

ILImP sLM4K 03776 0048
FI53 ).PMI @87S16 Of

STAIILD~E679 O
hI YE(LO FMT4) NSHAFT NSSEG HP? NP3 SHAPS IFS EXMS.A*,JRS.J10GD1  637606 "s06

IGADUW LTYA TL WTL1N DD9 ICDS IAR*EM.fLWATR NOVAiS DAS 027110 040@
URIftiLO 4066) DIg.GAMAAPHJ,COHESN.PER,.bUATER:ELIMPSUPORT, @37620 s066
ISTAD#40.STASIL. ZUSEAIRPR 037630 0606
MLINES-NLINES.1 627640 00

C----------- ---------------------------------------------- 6827656 sees
360 NSHAFT*1(1,1) 627666 @600

IF(IPS.NE.NSHAFT) IPS.NSNAFT 637676 O0f"
C SET VALUE FOR GAMMA IN THIS SHAFTr SEGMENT IF NOT INPUT 027636 0e06

IF(NSSTYP.GT.l.AMD.D3CI 11).LT.S.1) 1,18)-124.9 027690 0660
IFCNSSTYP.GT.1.AMO.3cI,23).GT.L6.E-1U) PERM--PERM e277061 6060

I~(SSYPGT1.AD.(I33.LT10E-0)PERM*DISS*2/1%. 627716 6660
l(I 23)*PERM 627720 0066
1Pm iPS 027736 0000

C RESET FORMATS TO ORIGINAL IN DATA STATEMENT 027746 0066
FM4T4Wa~FMll 627756 o000
FMT4(U )oFMI2 0277" "t66
FMT4( 13 )aFM19 627776 0006
FAT4CI9 )eFMIg 027760 060"
FMqT4C30.sFMI4 027790 606
IF(NSSTYP.EQ.u) GO TO 360 027160 "go6
FMTS(3 )mFM17 637316 006
FMTS(6)eFM1U 037326 0"s0
FMTS( 10)-FMI9 62730 0006
FMTS(13 ).FMaS 017346 SO00
FAT4C9)@FM16 627156 Wo
FMT4(10 )-FMl5 637360 "Of
IF(NSSTYP.EG.2) GO TO 366 627870 WO
FMT4(I7)o2'F3 627336 6066
FMTS(3)sFMI2 02739 6008

360 CONTINUE 027966 00
IF(I+1.LE.MSS) RETURN 627910 0066

4 SET HOURS AND DAYSi FOR LAST SHAFT IF NOT INPUT @27926 6606
IFCSHAFT(MSHAFT.17).LT.g.1) SHAFT(I4SHAFT.17)-24.0 027930 900
IF(SHAF (NSHAFT.1S,.LT.0.1, SHAFT C SHAFT.13)w6.0 627940 0000

UPIT(LO,004)037950 060
URITEL.16046N 6000

(Continued)
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a'FT $ago"/ 02360 

IS16 FORMiATC1HI 40(IHZ) T S N A E L 1 N P U T D A T AM ',47C1H3)/ e0"24 Goo$
lx 'SHAcT lic NO ibUNDARY EXAT HAFITUEKL TUNNE ADVZRCA ROP. 0494, ~g
28 D *OKPOPRIS INFLOW *83 LINING **8DSPSLDIPSL XV GROUND HOURS D 0220e 00Of

3AS/11 LUPERT ORH SHAPE SEGTO RATESIE RENGVAH RIO 023e1s ses
4RT TVP THRD EP GM)TP THICK WATDITNECS N. WATER PER PER1 68820 Off$
P43' (T)MHO METHOD (FT/DAY) (PSI)'.80.(N) GT (ILES (R) TE 02323 009g
GOT LEU. DAY WEEK') 088246 sees

1011 FORMATC332H--)/21 SUFAE ',2I SOIL PROPERTIES 13(I*' E 02832500oneIA?)'EA- IMPERV U PPORT * STADILIATIO *82''28.'GR S4EUI 22000
2UNR R EUI UT PHI COHESION PERM. TM ERIMG LAYR TY NU$MTO 28110 0000
3P NUBMTO USE AIRPR'/2X 'C LEF RPCIGPHT (MSM) ALLOW 028120 ee
4 ELEW.' 3@x.'SEC F LOWEE $X'P' 0283 0006

3006 FORMATCIK)2-)IX ON CT4m OET*BX RPRISX 028140 $0*e
3160 x ORCK4I DCING I6,LS'NTS AFTH HET/IS ADUMY 3K ? .17)5 023310 06004

IPORTAL' (~FT) ,//8 7 028330 00,98
10041 FORMATC,.X,11.I5.IS. I8S7 I09060.28,62,A.Ul3,1,033

100 F'ORfAT('H 5L6K S 7 i1AS.2HA .F 3. ' 2 N1 0233357A ,8( )/ ale o
004F'RT/x 14 SHAT .5N 16DY SAFT.8SHATEXF6.1.3-II.IAD ROC PF. 623330006

SOFA ETO 1XA6 F T DAY) 6PI12X1I)TT (IE)(/C E 2334 600

6P EL~v DAY WE(C) ntinu 0d)

1011~~~~~~~~~~~ 71MT3(X2-)axI(H),SI POETE ,$I* E 22609IAT-IMPRV SPPOT ti** T~hLZATON t**$/22X'GR SIZ UNT 0226I000



SUIROUTINE SIZEST I,A,3,CNP,SPHAFT,TRDATA,TSMAxNSSMAX,NPAX,lISMxA 028360 000
INTR"AX) $28355

C ------------------------------------------------------------------ 028360 e00
C ------------------------------------------------------------------- 028376 e e.
C I-TUnNEL OR SHAFT SEGMENT NUMBER 02838. $00
C THIS SUBROUTINE CALCULATES THE FOLLOWING IN TUNNELS OR SHAFTS e28396 0000
C BE BE4S .EISTL BOB 30840 10,60.WER TPLATE TSEG,DTRNCH,SIDEL,VDOX, 028400 0000
C ?v6L.FORMAR,WTUALE,WTSTRToWTANCHU4P,U7SPb 028410 000
C ...................-------------------------------------------- 028420 000
C ....................--------------------------------------------- 028430 0000
C 028440 0000
C $ 028450 0000
C GENERAL DATA 028460 0000
C e3ESWI *ZE***33gIE*U*Z$2ZZIS*2*R3I Z33EZ*U*~*U**u2 028470 0000
C 328480 0000

COMMON /BASIC/ NSS,NTS 028490 0000
COMMON /A/ LO LI PM 0M,LIST(40),TITLE(160),STAREG,!TYPE 028500 000
DIMENSION A(MTSMAX,68),B(SSMAX,43),CNP(NPMAX,2),SHAFT(NSMAX,23), 028510 0000
I TRDATA(HTRMAX,23) 028520 0000
REAL MINMAX 028530 oeoO

C 028540 0000
C I-TUNNEL SEGMENT SEOUENCE NUMBER 028550 0000
C 028560 0000
C ITYPE-1 INDICATES TUNNEL SEGMENT 028570 0000

ITYPE-1 028580 0000
NREACH-A(I,4) 028590 0000
NTSEG-A(I.1) 028600 0000
TLIM.A(I 11) 028610 0000
BFT TRDATA(NREACH.2) 028620 0000
iF.BFT 028630 0000
LINING-A(I,10) 028640 0000
MEX-A(I 7) 028650 0000
ISHAPE-TRDATA(NREACH,3) 028660 0000
MSTAKE-8 028670 0000
ELWATR-A(1,14) 028680 0000
NPL-A(I,2) 028690 0000
NPR.A(Io3) 028700 000
ELNPL'C P(NPL,2) 028710 0000
ELMPR'CNP(NPRj2) 028720 0006
ELAVG (ELPL+ LNPR)/2. 028730 0800
LINUTwA(I 15) 028740 0000
hTSTV- PfA16) 028750 0000
NSSTYP-0 028760 0009
GO TO 10 028770 006

C 028780 e6s6

(Co L Ii ItI(, d)

A72



CSIJ ,ii1 Wmi md

C Salle790660
ENTRY SIZESSC !.A,3.CN4P,SHAFTTRDATATSAXSSMAX,N4PMAX.NSMAX, *239.6 5660
INTRMAX ) sass:

C IwSHAFT StGMEHT SEQUENCE NUMIER s33886 00
C ITYP~ea INDICATES SHAFT SEGMENT 052830 0000

ITrPea 0346 00
TLIN&2(1,11) eSN. $eeeNSMAFTD(I 1) 625866 06ISHAPS SHAWTNSHAFT, 16) Nsagas 04s,
IF(ISHAPS.EO.6) RETURN 92886 feesHPORT-SHAFT CNSHAFT* 83) 0889e seesIFCNPORT.EG.1) RETURN 02996 See6
NSSEG.3CI..2) 028910se66s
IFS-SHAFT(NSHAFT,7) 028926 sees3F.JFS 02993e 0000
LININGID I. 16) 08940 0000
MEXcICI 71 0289se 0000
MSTAI(E.6 689966 6666
ELWATR.3CI,13) 629970 00
LINUTel(I 14) 029938 0090
NSSTYP.3Cf!15) 02sso0 0see
NTSTYP-S 029666 0ese
NPToB(1,3) 029010 6666
NPB.3(1,4) 629020 00
ELMPT.CNP(MPT.2) 029630 060ELNPD*CNPCNP3 2) 629646 0660
ELA4.(ELHPTfLNPD )'2. 629656 s660C 029660 6660C 629676 6a60

C ------------------------------------------------------------------629036e 0000C 629590 0006C CONVERT TL. TO FEET 629166 @00610 TLIN.TLIM/12. 629110 6666C IS IT A ROCKC TUNNEL OR SHAFT eag1ao 6666
IFCNTSTYP.EQ.1.OR. NSSTYIP.E.D) GO TO 15 629136 6060C IS IT A SHAFT 029140 080
IF(ITYPE.EG.2) GO TO 12 629150 6066
PHZA(I 26) 629166 0069
NPLSeA( f17) 629176 000
NPRSoA(1I.18) 029186 6060
ELNPLSmCNP(NPLS.2) 029196 0600ELMPRS:CNP(NPRS 2) 689200 6600ELSURF* (ELNPLS+tLMPRS )'8. 02921900666
GAMMA-A(I 22) 629220 0066COHESH:A(t ,21) 629236 6660
ISUPPT.A W118) 029240 6666
GO TO 13 S292s$ Otte1e PHI.3CI,19) 689866 6666
GAMMAel(I 18) 029378 0000
COSPTd172) 629290 0006
MPTS-SHAFT( NSHAFT.2) 089366 6666
ELSUtRFCNP CNPTS. 2) 629316 90,0

13 P1.3.14169 6293206 6oo6DWATER*EL6URF-ELUATR @89336 0606IOUTNC40 089346 6606C IS IT A SOFT GROUND TUNNEL OR SHAFT 6893560 OM

(Cont infied)
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If(HTSTYP.E.l .01. NSSTYPA.O. GO TO 100@ 039360 "OO
G0 o 19 029370 "o

C 029400 "IS
~ 3 gggggg~~sggg8gg~2*32a~g*383*s2s3~ssRsSsg*gzs~~*u9a9410 0800

C ROCK TUNNEL ON SWAT 0394a* $000
C 3 ggggzz g8**38***I3u3g :*sf3s039430 0000
C 039440 0000
C 11 IS A FLOW INDICATOR 01940 s0o"

16 I1.4 09460 o@0"
C -------------------------------------------------------------- 029470 soW
C LINING FOR WATER PRESSURE 029430 SO"
C ---------------------------------------------------- 02949000o"

PUATER@62.4*(ELWATR-ELAVG) 029590 so"
IF(ITYPE.EQ.l) ROD*A(I 6) 029510 Sees
IF(ITYPE.EQ.2) ROD.3NIX6 029510 s000
WED -0. 029530 0000

C IF THE WATER LOAD IS ZERO. ASSIGN PUATERmO.001 FOR ESTIM'ATINa 029540 00
C LINING THICKNESS ( ZERO VALUE MAY MAKE RESULT INDEFINITE 029550 0000

IF(PUATER.LE.0.901) PUATERmO.O01 029560 0000
IF(LINUT.EG.S) PWATERmS.001 029570 $00
IF(ITYPE.Eg.a) GO TO 21 029580 0000
GO TOcasla 2,2) ISHAPE 02959 0000

21 TL.0.533BPPATEA/(283000.-PUATER) 029600 of"
00 TO 30 029610 0000

aa TL'O.77E-1OBDFflO.U6IPWATERSI .9IEXPCSGRT( (16.9-1 .4a2ALOG(PUATER)) 029620 0000
12*2+0.32)) 029630 000
GO TO 30 029640 0000

23 TL*3.UE-7E(?.*4.SSUF 3ZPUATERE2i.035*EXP(SQRT( (6.5-0.565*ALOO 029650 0000
ICPWATER.)3*240.17)) 029660 0000

C SET MN. CONCRETE THICKNESS TO BE 8 INCHES. IF SHOTCRETE 029670 $00
C THICKNESS NOT INPUT, SET MN. TO BE 3 INCHES 029680 @000

30 IFCLINING.EQ.l .AND: TL.LT.0.6666) TL*O.6666 029690 0000
IF(LINIMG.EO.a.AND.TLIN.LT.0. N1.AND.TL.LT.S.25) TLoO.25 0297"9000

C- ----------------------------------------------------------------- 029710 900
C FLOW CONTROLED BY ROD VALUE 029720 0OS0
C ------------------------------------------------------------------ 029730 0900

IF(ROD.GE.60.) GO TO 200 029740 900
IF(ROD.LE.40.) GO TO 100 029750 9000

C ROD LIES BETWEEN 40 AND 60 INTERPOLATION OF SIZES IS NECESSARY. 029760 0000
C SIZE WILL BE COMPUTED FOR hOD-40 AND ROD-60 BEFORE INTERPOLATING 029770 8000
C TO OBTAIN SIZE AT ACTUAL ROD 029780 9000

1101 029790 0000
C STORE THE ACTUAL VALUES OF LINING THICKNESS AND ROD 029300 0000

RODD&ROD 029310 0000
TTeTL 029320 S000

C ASSIGN A FICTICIOUS ROD FOR THE FIRST PART OF INTERPOLATION CORP 029330 0000
ROD840 029340 009

C-------------------------------------------------------029350 0000C ROD IS 40 OR LESS oau see
C ------------------------------------------------------------------0195870 0OM
C HAS A LINING THICKN4ESS DEEN INPUT. IF SO,COMPUTE AND STORE 019880 009
C EXCAVJATED DIMENSION USING THIS THICKNESS 0"93909ow
C CHECK FOR CIRCULAR SHAPE 0299010 00m

100 IFCISHWAE.EO.1) 00 TO Cli0 130) MIEX DU991 90W
C SHAPE IS HORSESHOE OR DASKE+HAHD.E 0sa9e 90
C COMPUTE DEPTH OF STEEL RID SUPPORT "29930409
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WEl -(0.19423143.35 J45*. 689940 000

j4* I] I~** 039970 S00

4 TO-130 602N 000
C MOLE XCAVATION S9030 00e

IN WEDl ( .17*?F.O.13-O.eUSROD "/12. 03004 N000
I3 I FNSI1..LT.4.0) WED *4./18. 030010 SON0

C IS SEGMENT LINED OR UNLINED 0300200N
146 IF(LUNING.Q7.) 00 TO 110 030030 00N

C NO LINING 030040 ON0
E- 3F+VElRU. 030050 0G00

TL-OS. 030060 00
GO TO 404 030070 0000

C LINED 030080 0000
C CHECK FOR LINING TYPE 0390 0000

150 IF(LINING.EQ.1 GO TO 170 030100 0000
C CALCULATE EXCAVATED DIMENSION FOR SHOTCRETE 030110 00

IFCTLIN.GT.6.01) GO TO 160 030120 0060
C CHECK IF RIB THICKNESS + 3 IN. .GE. THE LINING THICKNESS 030130 e000

1S2 IF(UES 0.25 .GE. IL) GO TO 155 030140 e000
$E*3F+2.*TL 030150 000
GO TO 400 030160 "0SO

115 DE.DF+uEDXZ.e.s 030170 0000
GO TO 400 030189 0000

C CHECK IF THE GIVEN LINING THICKNESS .LT. THAT FOR WATER PRESSURE 030190 000
160 IF(TLIN.LT.TL) STAKEa2 030200 0000

IF(TLIN.LT.TL) GO TO 162 030a1 eee
TL-TLIN 03020 e00

166 IF(UED +.S.GE.TL) GO TO 1S6 030230 00O
E-|F+2.ZTLIN 030240 000

GO TO 400 030as ee$
C CONCRETE 03026S o00

170 TLMINs-ED +S.333 030270 0O0
IF(TL.LT.TLMIN) TL-TLRIN 03029 0000

C WAS A LINING THICKNESS INPUT 030290 ON0*
IFCTLIN.GT..001) G TO 175 030300 000

174 IE.3F42.TL 030310 000
GO TO 400 030326 0000

C CHECK IF THE GIVEN LINING THICKNESS .GE. INIMUM DIM. REQUIRED 030330 000
175 IF(TLIN.GE.TLMIN) GO TO 176 630340 0SO0

C ERROR - TL INPUT IS NOT THICK ENOUGH, PRINT WARNING 0303S 0000
C WAS THIS A TUNNEL OR SHAFT 030360 0000

IF(ITYPE.EG.1) WRITE(LOo1010) NTSEGNREACH 030370 000
IF(ITYPE.EQ.2) URITE(LO, 111) NSSEG,NSHAFT 030380 00
MSTAIE. 1 030390 0NN0
Go TO 174 030400 0000

C CHECK IF THE GIVEN LINING THICKNESS .LT. THAT FOR WATER PRESSURE 030410 O00
t76 IF(TLIN.LT.TL) GO TO 177 030420 "000

1E[-F*3.STLIN 03043000"
TL-TIN 030440 000
00 TO 404 030450 000"

177 T'IStKE-B 030400 00
G0 TO 174 030470 0000

C 030430 0000
C ------- ---------------------------- ----------------- 0304N0000C R0D If GREATER THAN OR EQUAL TO 60 03050 00oC ----- ---------------------- 030510 10
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C(:STI'N ii st in, (C, nt intid)

C HAS A LINING THICKNESS DEEN INPUT 0300S 6 0000
100 F(TL Z.G?.4.001) GO TO 230 030S30 0000

C IS SEGKMNT LINED OR UNLINED 030640 000
IF(LINING.GT.0)0G TO a1 03660 "0o0

C YNL1IMD 030510 oo
L-o.e 030570 0000
o-IF 03060 0o

00 TO 400 030590 "0
316 DtolFa.STL 030600 See@

GO TO 40 03610 000
C LINING TYPE 430620 $00
a30 IF(LINING.EO.-2) GO TO 250 030630 000

C CONCRETE 030640 000
IF(TtIM.LT.6.666) GO TO 260 03660S 0o
GO To as* 030660 e000

C INPUT ERROR - TL INPUT IS NOT THICK ENOUGH USE TL-.0667 030670 e00
C IF ERROR MESSAGE WAS ALREADY PRINTED,SKIP IT NOW 03068 0000
260 IF(MSTAKE.EQ.1) GO TO 216 030690 000

IF(ITVPE.EO.I) URITE(LO,1010) HTSEGNREACH 030700 0000
IF(ITYPE.EO.2) WRXTE(LO,1011) NSSEGMSHAFT 030710 oo
GO TO 216 030720 000

C CHECK IF THE GIVEN LINING THICKNESS .LT. THAT FOR WATER PRESSURE 03e730 0000
350 IF(TLIN.LT.TL) GO TO 27S 030740 0000

IE-IF+Z.*TLIN 0307se e00
TLmTLIN 030760 0000
GO TO 400 030770 0000

a75 MSTAKE-2 030780 0000
GO TO 216 030790 0000

C ------- -------------------------------------------------------- 030800 0ee0C OVERIREAK DIMENSION 030810 000
C .----------------------------------------------------------------0 30820 eeC WHAT IS THE EXCAVATION METHOD 030830 000

400 !F(MEX.EG.2) BOB-BE 030840 000
IFCMEX.EO.1) BOB-E(250.-ROD)(DE+10.)/25s0. 030850 0e

C 030860 0000
C - ---------------------------------------------------------------- 0 30870 ee
C ROD DETWEEN 40 AND 60 030890 000
C------------------------------------------------------------------ 038390 000IF(II.LT.33 GO TO 450 030900 0000

IE4SBE 030910 0e0
DE6eDE 030920 0000
30340*908 030930 0000
i0360'030 039940 000
GO TO 600 0309SO 000

450 IF(II.-GE.2 GO TO 500 030960 000
C STORE BE AND 303 COMPUTED USING FICTICIOUS ROD-40 030970 000

IE44.IE 0309310 00"
0340*-lOB 030990 0000

C REDEFINE ROD TO A FICTICIOUS VALUE OF 60 FOR SECOND PART OF 031600 O
C INTERPOLATION COMPUTATION 031010 000

ROD-6O. @3108a 0000
C RE-ESTABLISH INPUT VALUE OF LINING THICKNESS FOR PURPOSES OF 031o30 000
C THE CHECK IN STATEMENT ase 031040 000

TL-TT 031050 000
C REDEFINE FLOU INDICATOR 031060 0000

1IM21+1031070 0000O0 TO as0 031080 "t0o
C 031090 O40O
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C 031140 6000
C CALCULATE E A0ND COPU B INTERPOLATING BEEsEN RE ND 10 031160 *@fS

VALUES AT MMD-40 AND ROD-SO 03116 6006
031170 0400

IE.3E40+(RQDD-40.)/30.$(CEsS-3E406 031180 000
0u30340*+RQDD-4.)/a0.0(COBSS-30540) @31190 0000

C *31200 0o
660 IF(LINING.NE.1) GO TO 6"0 031210 6000

C COMPUTE THE AVERAGE THICKNESS FOR THE CONCRETE LINING 031220 0066
c WHEN THE ROD IS DETWEEN 40 AND 66 031830 0000

TL-(#E-DF)/2. 031246 006
C 631250 eeS
C 031260 0060
c - ---------------------------------------------------------------- 031270 6696
C SET VARIABLES FOR SHAFT OR TUNNEL SEGMENTS 031280 0600
c - ---------------------------------------------------------------- 031296 000
66 IF(ITYPE.EQ.2) GO TO 766 031300 000

C TUNNEL SEGMENT DATA 031310 6666
A( 39) uE 031320 6006
A(I.40)2-E40 031330 e00
All 41)- ESO 031340 6e0
A(I.42)-3O 0313S0 6660
A(1,43 )30B48 31360 060
A(.442)BOBO 631370 000
A(,62)s-UEI 031386 0000
A(Z.64)mPUATER 031396 000
AC! 11) s TL 031406 006
IF(ASTAKE.EO.2) URITE(LO,71S) NTSEGNREACH 031410 000
GO TO 400 031426 600

C 031430 6060
C SHAFT SEGMENT DATA 631446 0066
700 c1 29)-BE 031456 000

B(I.30)3E4 031460 00
3(IX31 .JESS 031476 0666
V1I.302.80 031486 6006
B(CI33)wB0549 031490 006
1(1o34)*BO1S6 031506 60"
B(I.41)-UER 031S16 000
CI(,43)-PUATER 631526 069
cI 11) - TL 631536 060IF(ASTAKE.EQ.2) URITE(LOF711) HSSEG,NSHAFT 031540 0000

GO TO 460 031SS04eo
C 031S66 6000
C 031S76 0000C 8:I::2:3R::fZlhz:::*23g8g:S 2*SZ z gS6:2233g*:*u::ssgg~llZZg:3RS2 6315360006e

C SOFT GROUND TUNNELS AND SHAFTS 031596 6000
C $zmZflmzE* u 3 tsg m E8 z2*sflZfl:SE2 031600 0000

1000 Es1F 031610 606
N.s 631616 0000
an3 03163 0000
ANPHI*TAN(PHISPI/180.) 031640 0000

5--- --------- -------------------- 031660 so6
C MINIMUM SUPPORT SIZE 031660 0006
C o-------------- ------ 031870 00
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GO TOIM 14Uo1003 14i) ISUPPT 6310 00
OED SUPPORT 03160 eg.

Ie I m Ur U1 031700 se0
$LMNINJ:I 031710 0600

FFw4 031720 0006
GO TO 1004 031730 i00

C PRECRST CONCRETE SEGMENTED SUPPORT 031740 600
10 TSGM* 1 031750 00

TPLNIN*o. 1N 03170 00"
FF-R 031770 60
G0 TO 1004 031730 09

C STEEL SEGMENTED SUPPORT $3179 0O"
103 TSEG -N0.683 031800 0*m

TPLMI6*i.43 031310 009
FF-4 03186 00S

1604 IF(TLIN.GT.. .AND. TLIN.Lt.TPLMIN) GO TO 100e 631830 006
IF(TLIN.GT.TPLMIN) GO TO 302S 031846 ses
GO TO 1N9 6318S0 0000

105 IF(ELUATR.LT.ELAUG .OR. LZNUT.EG.G) GO TO 1026 031860 000
GO TO 1009 031870 0000

C UHEN UATER PRESSURE-0 INPUT LINER THICKNESS GREATER THAN MZNIMUM 031880 000
c VALUE UILL BE ACCEPTE6 031890 6090

1626 I5i 631900 0666
TPLATETLIN 031916 0000
GO TO 8354 631926 0000

C STEEL SEGMENTED SUPPORT 631930 0061808 IF(LIIhG.EQ.2) GO TO 1006 931940 $00
TLMIN'-.6666 031960 0000

IF(TLIN.GT.. .AND. TLIN.LT.TLMIN) GO TO 1003 03190 0000
GO TO 1009 031973 0ee6

106 TLMIN-O.333 031980 090
IF(TLIN.GT.0.) TLMIIN-i 631990 000
GO TO 109 32000 000

C INPUT LINER OR LINING THICKNESS LESS THAN MINIMUM VALUE 632010 0000
1008 MSTAKE, 03820 0090

C - ---------------------------------------------------------------- 
32030 0so0C UNIT WEIGHT OF SOIL 032040 00

109 BBEE'BE 632f60 0000
N'NM+ 03270 o000
SEGDEP-ELSURF-ELAUG 03r.080 6000

C CHECK FOR GUT ABOVE GROUND SURFACE 032090 6000
IF(ELUATR.GT.ELSURF) GO TO 1046 032100 0006

C CHECK FOR SEGMENT BELOU GUT 032110 6000
IF(ELAUG.LT.ELUATM) GO TO 101S 032120 900

C GUT IS BELOW SEGMENT 038130 0006
SIGGAH-SEDEPGAMMA 038140 0006
IF(SEGDEP.LE..$DE) GO TO 1613 032160 0000
GARMAA'GAMMA 032160 000
GAMI AR-GAMIMA 032176 060
GO TO 160 032130 4000

0ia GAMMlAC-'AMA 032190 "O0
GO TO 1os0 032200 0006

C SEGMENT IS BELOW GUT 432810 f00
1015 SIGGNDW TERGRAMA+CELUATR-ELAVQG)(GAMA0-6a.4) 632830 0406

IFCSEGDEP.L[.I.*fE) GO TO 1630 638230 000
FP(DATER.GT.i.SVE) GO TO 100 63849 "O

C EGMNT IS DEEPER THAN 23 'AND GUT IS WITNIN 22E OF GROUND SURFACE 033860 000
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0AA.OAIDATI*CGAMPIMA-13. 4 2C ( .• IE-DUAST[R ) )/( E @38860lki 000

15 0 TO CI 63O TO0 11C 1C T Ah,9 , UT IO 0 DEEPER THAN HE[ e0iso 040

MN- ( A0A NA D "-2. ie)+( G -1.4)* (E.WATI-ELAVG j) 133 ONOI*O(CQK-&.K) 32304 SON

vO TO lse 63334 SeeN
€ GRINT 1 WITHIN aet OF GROUND SF~k'[ 13348 04144

1134 GAMIMAC- (GA MA ,-S2.4)*([LiATRoELAVG))/EGDEP 133 S OGO TO 110 $336o eoe
C EXRS SI1 L G TOUTND SU OFACN 03837 000

1104S PhZQ ATN NTA-6.E4 0331 SO

PHIE.&PERA-62. 4 03810 0006
S!GGH-SEGT.4. PAHI- .4.) 036410 60

C - ----------------------------------------------------------------- 3s3240 eee
C EXPRESS SOIL STRENGTH N TERNS OF ECUIVALNT P0350488 666
c --- -... ............................TO..........130............ 03 49 ees
110 PH6EOR-ATN(CO"ESN/SIGGAH TN PHI) 932S90 6000

PHIE'-PHIER*18S./PI .32s03 sos
IF(PIEG.GT.4S.) PHIEGO4 . 3252W 0006C ----------------------------------------------------------------- 1136 3 0000

C TUNNEL AMD SHAFT LOAS 032646 000C ------------------------------------------------------------------ 3asss es"C ESTABLISH SEGME[NT TYPE AND SHAPE FACTORS 832s6e $000
Ir(SEGDEP.LE..II£) 00 TO 1349 032S?e $00
F-1.6 031s8 0000
FSHAPE-1.1 F038690 000
GI TYPE .1 ) GO TO 111 038660 60

C SHFT SEGMENT 03216 60Fr-0.6 4 3a6f 110

FIsHPEe.3 FSH 03610 600
C F(-SH--S -- - - - --) F-- - 038690 0000
IF(ISHAP.3 . )  sHAPE0. $32650 0060
Go TO Sa O1 032670 000

C TUNNEL SEGMENT 631676 WOO0
1110 IF(ISHAPE.E0.3) FSHAPI-.2S 832810 004

13101 PSOILoa.S1EGA9IMACF+(SEGDEP-2. 0E3)373(0 34-PH060./6s.)S o32700 ON
I C - - - - - - - - - --s-PE -38719 6004
0 TO 1312 032720 000

131 Fat.$ 63273 6O0
IG(ITYPEEQ) 00 TO 131 033274 000C SHAFT SEGM ENT 038760 *Of04

Z I SHAPS. E. 2 ) F.eS.6 0 3770 0S04
13411 PSOILoSIODEP*WMAcSF 03a?14 0 4
¢131S IFINZIUTE(.1) GO TO 13aS MISS 006~
C MIXPD 031110 0o0

P KTR-S 031"SI 100
00 TO 1330 03113 IOU
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C MATERTIGHT 04344 0000
1310 PUATE!.61.4(LATR-ELAYO) 6328 "o
13 JUT BELOW SEGMENT 632380 a...IP(PIATER.LT .0) PWATERef 632370 0000

122 I(I UPPT.LE.3 .AND. TLZN.GT.TPLMIN) GO TO 1321 038380 se66
PTOTALoPSOIL+PJATER 632390 06
QOTO 3000 6329"0 006

C INPUT LINER THICKNIESS GREATER THAN MINIMUM VALUE WILL BE CHECKED 032310 606
C FOR IATCR PRESSURE 632980 @0s6
4331 PTOTALOP E 8634 0666
C IF PSOIL PUATER OR PTOTAL EGUAL *. THEN ASSIGN A VALUE OF 0.001 632940 00"
C FOR ESTIARTING SOJPPOR7 SIZE 632960 0001
300 IFCPSOIL.LT.6.Of1) PSO!L*6.081 638960 600"

IFCPUATER.LT.6.041) PUATER-.061 632976 6600
IF(PTOTAL.LT.S.001) PTOTAL*6.601 032986 060

C--------------------------------------------------6032990 0666
C SUPPORT SIZE 633660 066
C ------------------------------------------------------------------60336060

GO TOC21SO 2202306 2406) ISUPPT 6330 60
C CAST IRON 6EGRENTED 6UPPORf 633636 6666
8160 TPLATE'7. E-63DF5S0 .68PTOTAL*X30.73 63364400666

GO TO 2390 633650 6666
C PRECAST CONCRETE LINER 633060 6660

3800 IF(ITYPE.EG.2) GO TO 2235 033670 660
C TUNNEL SEGMENT 633686 0060

IFCISHAPE-2) 2216,826 2230 633690 600
3316 TPLATE*1.S5E-3:64.1..46:3F )*PTOTALU1.6SEXP(SORT( (6.6-6.S6ZALOG 633166 6666

I PTOTALJ)3:2a+..16)) 633110 006
GO TO 8356 633L26 00609

38US TPLATE,2.6E-7t:6. 1+0.644S3F)*PTOTALfl1.38ZEXP(SORTC(9g.a5-6.775g 633130 0660
lALOG(PTOTAL) 13*2+6.943) 633140 060
0O TO 836 633150 0060

230 TPLATE'6.5E-3:c6.1,0.644SBF IPTOTAL3S1.482EXP(SORT (11.3-6.948 633160 6660
lALOG(PTOTAL) )*Xa.0.81) 633170 060
GO TO 2356 633130 6606

C SHAFT SEGMENT 63319066668
8835 IF(ISHAPS.EG.1) GO TO 2216 6332006606

TPLATE*6.3E-78C5.+4.7:3F )ZPTOTAL*26.933EXPCSORTC .a8-6.4S*ALOG 033210 606*
lCPOTAL I)AS2+.08)1 033226 6666
GO TO 2356 633230 6666C STEEL SEGMENTED SUPPORT 633240 666

8366 IF(ITYPE.EG.a) GO TO 2335 633350 $060C TUNNEL SEGMENT 033260 6666
IFC ISHAPE-Zl 2310.2320,233 033270 0663316 TPLATEa6.S .E-723FU0 * 3*PTOTALS.338 033230 0606
GO TO 8350 633290 066630 TPLATEu .6E-4:DFUO * 74SPTOTALSE6.39 6333"00066
GO TO 2366 033316 006

336 TPLATEnS E-4*3F*36 .71SPTOTAL::6 .33 033320 0006
GO TO 8350 033330 00C SHAFT SEGMENT 633346 0000

3335 ZF(ISHAPS.EQ.11 G00 2 310 633356 000
TPLATEe6.60133F320 .7SPTOTALIZ6 *33 633360 000

30 IFCTPLATE.LT.TPLMIN) TPLATE-TPLMIN 033376 6006C INPUT LINER THICKNESS GREATER THAN COMPUTED VALUE WILL BE USED 6333806060f
IFCTPLATE.LT.TLIN I TPLATE-TLIN 63339066604
SFCTLIN.G4 .TPLMIN -AND. TLIN.LT.?PLATE) MSTAKE-3 033400 0060

1354 i0[Q*FF:T LATE 033410 606
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PCT3EG.LT.TSEORN) TSEG-TSEGNN $33400 000
lesp~ 60.TE 33430 "O
!P ITYPE .10. AGO TO 230 033440 "0S6

o luPOIIL jMENT 4334S 66:
A( l.6 3TPLATE 033470 0MG
AC i.1 )-TSEG 033430 ONG
AC 1f.63 3PSOIL 033490 60N0
AC l.;64)ePUATER 033506 900
ACl 6S~sPTOTAL 033516 "O
GO o 60 6s33520 0049

C SHAT SEGMENT 033S30 0040
3360 lCI.ag)-BE 033S40 006

sc1.41 )oTPLATE 633550 0066
2(1.11 ).TSEG 63356900WOO
lC I311)*PSOIL 633576 066
DC I,43)-PUATER 033596 0060
DCI 31).PTOTAL 033596 000
GO i+0 2600 633600 0000

C STEEL RID WITH LINING 03616 0006
C LINING THICKNESS 033626 0000
C FOR CUT-AND-COVER SHAFT CONCRETE LINING IS TO RESIST PSO:L.PWATER. 033630 0000
C WHEN INPUT LIN1ING GREATER THAN 8 IN., TH:CKNESS IS CHECKED FOR 033646 0000
C WATER PRESSURE ONL 033650 0060
a400 IF(ICUTNC.EG.l .AND. TLIN.LT.0.666) PWATERsPSOIL+PWATER 033660 080

IFCITYPE.EO.2) GO TO 2435 633676 0066
C TUNNEL SEGMENT 033636 060

IFCISHAPE-2) a416,2420 2430 033696 000
3416 TL.6.SSIFP&JATER/C288040.-PWATER) 633700 090

GO TO 3445 033716 006
3436 TL.0.77E-100DFUOS.368PUATERUI .9*EXPCSQRT( (16.9-1 .42MALOG(PUATER)) 033726 0006

13U*6.32)) 033739600
GO TO 2445 033740 @ON

32430 TL*3.OE-?3( 7.+4.6EBF)3PWATERRI .035SEXP(SORTI(6S.5-0.SSSRALOG 633750 0006
ICPUATER)3l2.0.17)) 033760 000
0O TO 2445 633776 0006

C SHAFT SEGMENT 633736 60
a436 IF(ISHAPS.Eg.1) GO TO 2410 633796 000

TL*3.6E-S:7?.+4.6*IF *PWATERUSO.68SEXP(SORTC (2.-0. 1S2ALOG(PWATER) 033300 0006
1322*6.4)) 033810 0006

3445 !FCTL.LT.TLMIN) TL*TLMIN 033320 606
C INPUT LINING THICKNESS GREATER THAN COMPUTED VALUE WILL BE USED 033830 000

IF(TL.LT.TLIN) TLwTLIN 633340 000
IFCTLIN.GE.TLRMN .AND. TLIN.LT.TL) MSTAKEo3 033356 660
IF(ICUTNC.EG.0) GO TO 2500 633360 0000
WED'6 033870 00
0O TO 2545 033330 000

aSOW BlslF.*TL 633390 0666
C STEEL RID SIZE 03390 060

IFC!TYPE.EQ.2) GO TO 3535 633916 606
IFCISWAPE-2) aS510.15630 0339a0 0090

C TUNNEL SEGMENT 033930 0000
3310 UE3wf.$l115D1R30.393PSOIL*l6.33 033940 060

0O TO 1540 633950 000
3530 0ID60U1:.gc~z~10.3*OSIu-.3 33960 000

0o To 3646 633970 0060
830 U(~.6:1s.3~OL1o.~:655D:i632033930 "W

Go To 3346 033990 0"W
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C mAr? 8MEN? 034006 *OOS
6am IF( 34016 0600

' O'.l) 8 0.7CS/0 To.51S (4305-0.42781) 034030 0o0017(LED.LT.6. 5) WE8-8.8 034630 0606

A( 03 1 6 034060 0000

AC .*)WEL 034070 0009

A(I,83)-PSOIL 034090 6000
A(I.64)'PUATlER 634100 0000
ACI 65)'PTOTAL 034116 600000 TO 0 0 034120 0000

8550 3(I.U)'3E 034130 0066
A(A,41)-sE 3407O 000

(,11 )mTL 03410 6600
l(1,30)-PSOIL 034160 0060
3(1,43 oPUATER 034170 0000
At (31)-PTOTAL 034130 0000

C CHCI IF INPUT THICKNESS ACCEPTED WHEN WATER PRESSURE-S 034190 0000260 IF(I2.EO.1) O TO 406 0342 00800
C CHECK IF ASSUMED '|E' IS WITHIN ONE PERCENT OF COMPUTED '3E' 034210 0066

IF(3E'UBEE.LT.0.g9 .OR. UE/3DEE.GT.1.01) GO TO 1609 034220 0000IF(1TVPE.EO.2) GO TO 260S 934130 0000

IF(CISTAKE.EG.1) WRITE(LO,1016) NTSEGoNREACH 034240 0I F(MSTAKE.EO.3) WEITE(LO 2?10) NTSEGNREACH 034240 0000
60 TO 4000 034260 0000

2606 IF(NSTAKE.EG.1) WRITE(LO.1011) NSSEG,NSHAFT 034270 0040IF(NSTAIE.EQ.3) WRXTE(LO,2711) NSSEGNSHAFT 034230 0040
GO TO 40080 034290 000C 034304 00

C 034310 6000
C 634326 000,
C 034336 0000
C IF(12.EQ.2 S 0ZOl3#2U**30* 034340 0000
C CUT A D COUER ON' I 034356 0000
C 8***E/BBZEE lT E ZtIZ8 SSt2S$T.Z fll9112GO1TO1009 034360 0009
C 034370 0000
C---------.-- - -------------------------------------------------- 034380 0000
C DATA 03434 0060

C------------------------------------------------------------------.034400 0006390 IF(ITYPE.EO.2) GO TO 3300 034410 000
[LAOCK-AT(I27) 034420 0400
ELIP-TO ° 4) 034430 000
D18-A(I,16) 034440 0600
PIC 95) 63440 S0e6
DCOCK ELiURF-ELROC 034460 0000
M30x0TDATA(NREACH 16 634476 000
8F3UDT-TDATA CNREA6Hit) 034430 0e60
c F3C T F DTACOV RECH, i ) 634490 0000
I3OX3'?RDATA C RECH13) 634600660
C D(CI-'(I 89) 034510 0000

-U-ELSUR---LAUG 034530 se00

C DATA634130 0040

aesF(1X.E .13 G0 TO 3060 03454 O000
WOX&DI.FRDT/NBOX 634556 04)0ELKHTo'I3?) 03460 00S0
D TO 3601 0344?0 0000
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3W lOXWDTeDFDDT'l. 034580 0000
3OXHTolFII4Il. *34590 908,
Ns0 aUG.M 034680 0000

3001 1SX0 400.034610 000
TIwVTw.O 1034630 "OO
IINISOS6. e34640 "O
TZNWL.S 034650 OWO
TMXL&O.4 g 34660 6009

Ks4 e34690 9003
C-- --------------------------------------------------------------- 034790 0000
3M0 DTRNCH.DTUN+UF3HT/a.T!NYT*TINS3/a. 034710 0000

DSOILaDTRNCH 034720 000
IF(DROCK.LT.DTUNCH) DSOIL*DROCK 034730 000
T0TI0X*DFBHT+T INVT.TROOF+TINSI 034740 0000
DROOFeDTANCH-TOTIOX 034750 000
IJATPRIeO 034760 0000
JATPRR*O 034770 0008
IF(DUATER.GE.DTRNCH) GO TO 3005 034780 0000
WATPRI '62 *42 CDTRNCH-DUATER) 034790 0000
IF(DUATER.LT.DROOF) WATPRR-UATPRI-Sa.4*TOTBOX 03400 00ee

C ------------------------------------------------------------- 034810 000
C TRENCH PRESSURE FOR SUPPORTS 034810 000
C ------------------------------------------------------------------ 034130 0000
3046 SIGM!ATeGAPINASDSOIL 034840 0000

SIGMAl 'GAMA*DSOXL 034650 000
IUATEE.AQ 123) 034860 0800
STANNOsA(U 30) 034870 Offe
IF(DUATER.LT.DSOZL.AND. IUATER.E.6) SIGMAI-GAPINASOWATER.(GAFINA- 034880 090
162.4 )*CDSOIL-DUATER) 034890 0000
IF(STABNO.LT.0.01) STAUNOu(SIGMAT+SURGE)/(COHESN(SIG1AI+SURGE)/2. 034900 0000

l8C1-SIN(PHI8PI/180. ISTAN(PHI:PI/180.)) 034910 040
IF(ISUPPT.EG.S.OR.riEX.EQ.7) GO TO 3010 034920 000

C SLURRY WALL TRENCH SUPPORT 034930 0000
TREMPRo..32SIGNAT 034940 000
IF(IUATER.EQ.1.AND.D10.GT.0.005) GO TO 3025 034950 000
IF(DUATER.LT.DSOIL) TRENPRsO.3 2(GAMMARDUATERR:8.+(GAINA-6a.4 ) 034960 000
1(DSOIL-DIIATER )112.e8.*GAMMAIDUATES(DSOIL-DATE)a.3.62.4*(DSOIL- 034970 0000
2DUATER 222. )/DSOIL 034980 $00
0O TO 3025 034990 0000

C SOLDIER PILE / LAGGING TRENCH SUPPORT 035000 000
3010 TIERPI-0.6SBAMqPADSOIL:TANPI/18g.8c4S.-PHI/a. )fl*2. 035010 0000

TENPaSI.4:COHESNRTAN(PI,180.:(45.-PHI,24,) 035020 00
IFCSTAINO.LE.4) 00 TO 3015 035030 0006
Tns1 .1-0. 1*STADNO 035040 00
IFCTPI.LT.0.4) TM-0.4 0350S6 0#06
TRtENPR.TErqPISCPHI+.o.3).-cPNI+0.6a)-TE'iPacPHIeg.g3),CPHI.0.6a):TN 035064000
40 To 3030 035070 00"

3015 TRENPR*TEF!PI18PMI,.14)-cPNI,0.3S)-Tr1P2gP~*PI41+.a) 035080 00
3411 IFCTRENPR.LT.0.0) TRENPA.6 035090 Om
C------------------------------------------ 03516 soC EARTH PRESSURE FOR POX MENDERS 035110 MM
308 ERTNPRof.* GAPIMASDTUN 035136 00t"
C--------------------------------- ------- 0$3513 0CM
C THICKNESS OF POX MENDERmS 035140 000"

--------------------------------------------------------- 043516400
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ULTCONS.St1@.g33. 035160 060
ALLCONof. 4SZULTCOM N~ 00 *00
AXIALUeS.0 03S156 006
AXIALS@40 63S196 e0g.
PISOZLmERTSPR+SURGE M35ss0 eseO
J-0 63581 0000

C SOIL AND IJATER LOADS ON BOX MEMBERS 63S320 000
C INPUT THICKNESS WILL NOT BE USED 635236 ease

IFCTLIN.GT.S.@) URITE(LO,3S$G) NTSEG.NREAC4 635244 $690
C-------------------------------------*3525* 0000

C AXiAL LOAD AND UMIFORMLOADS ----------------- 035266 000
3030 J.J*I 63S270 0660

GO TO (3044,3056.3660,3976,3080),J 03S280 000
C ROOF SLAB 036296 s000
3040 PTOTAL*GAMPMASDROOF/1 L+UTROOF.SURGE 035390 0080

GO TO 3052 035310 eoee
3050 TROOF.THICK/12. 63532e MO0

WJTROOF. 150.*TROOF 835330 00e0
C INVERT SLAB 035340 e000

PWATER *UATPRI -UATPRP 035350 0000
PTOTAL *PTOTAL+PUATER 035360 0000

3052 IF(WATPRI.EGO..0 GO TO 3055 035376 0000
IF(WATPRR.GT.8.0) AXIALIUJ0.25:BOXHT*(WJATPRI.WATPRR) 035390 0e00
IF(UATPRR.EQ.8.90 AXIALUI4.25Z30X1T*WATPRI*(DTRNCH-DUATER )/TOTBOX 035390 0000

3055 IF(DROCK.GE.DTRNCH) GO TO 3057 035460 e
IF(DROCK.LE.DROOF) GO TO 3658 035410 0006
PSOIL*PSOIL:(DROCK-DROOF)/TOTBOX 035420 0060

30S7 AXIALS*0 SXPSCILSBOXMT 035430 0000
3098 AXIAL-AXIALW4AXIALS 035440 0000

SPANL*DOXWDT 035450 8006
GO TO 3104 635460 0000

3060 TIMVToTHICIC/12. 035470 0000
C INTERIOR SLAB 035480 0006

IFCIBOXZ.EG.1) GO TO 3062 035496 0000
THICK-0.0 036500 0000
GO TO 3030 M3510 0000

3062 PTOTAL*460. .UTXNSD 035520 00600
IF0AATPRI.EG.0b.0) GO TO 3065 035530 0000
AXIALLJ*2. 0ZAXIALW 035540 0000

3066 IF(DROCK.LE.DROOF) GO TO 3067 035550 000
AXIALS@2. SIAXIALS 03560 0000

3067 AXIAL-AXIALS+AXIALU 035570 000
SPAN. BOXWDT 035596 0000
GO TO 3100 035596 0000

3070 TINSS-THICK/12. 035600 0000
UTI4SI'15e. ETlNSB 035610 000

K-K~t035620 000
IF(K.EG.1) GO TO 3062 635630 0060

C INTERIOR WALL 03S640 000
AXIALe (GAMMA*DROOF/1 .SURGE.LJTROOF+WTINS8+400. )xBOXWDT 035650 see$
SPAt4LolOXHT 035660 0000
IF(NBOX.GT.1) GO TO 3105 635670 0600
THICKeS.0 635630 0066
GO TO 3030 035690 6660

3806 TINULoTHICI/la. 635700 0666
C EXTERIOR WALL 035710 600

AXIALoAXIAL/P. 035S90 0006
SPAMLmBOXHT 63573000064
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IFIDUATER.QE.DTRNCH.AND.ISUPPT.EG.6.)GO TO 318S 035740 0000
IF(IUPPT.EG.S.OR.DROCK.LE.DRCOF) PSOILt.0 e36750 0080
PWATER-0.0 036760 000
IF(WATPRI.EQ.0.8) GO TO 3086 035770 00
IF(WATPRR.GT.6.S) PWATERe(WATPRI+WATPRR)/2. 035780 0000
IF(UATPRR.EQ.6.0) PWATERO.SZUATPRIS(DTRNCM-DWATER)/TOTIOX 035796 0000

3l6i PTOTALoPSOILePWATER 03s00 0eeC ------------------------------------------------------------------ 03S810 eaee

C THICKNESS COMPUTATION 03S8B0 0008
3100 OMENTS.IgPTOTALSSPANL2S2. 035330 0000

THICKoAXIAL/(24.SALLCOM)+SORT((AXIAL/(12.*ALLCOM))R$2.+24.gMOMENT/ 035940 0000
IALLCOM)/2. 035S0 44e0
GO TO 3110 03S960 0000

3106 THICK-AXIAL/1SS00. 035970 0000
C COSTUN MINIMUM 035880 0000
3110 IF(THICK.LT.B.0) THICK-8.0 035890 000
C AC! REQUIREMENT 035900 0000

IF(THICK.LT.SPANL*12./25.) THICK-12.*SPANL/25. 035910 0000
IF(J.LT.5) GO TO 3030 035920 0000
TEXUL=THICK/12. 035930 0000

C - ---------------------------------------------------------------- 035940 0000
C FINAL OVERALL BOX DIMENSIONS 035950 0000

TOTDOXBFBHT+TROOF+TINVT+TIHSB 035960 0000
WDTIOXoIFBUDT,2.ETEXWL+(NIOX-1)*TINWL 035970 0000
3E-WDT3OX 035980 0000

C FINAL TRENCH DEPTH 035990 0000
DTRHCH.DTUN+DFBHT/2.+TINVT+TINSB/2. 036000 000
DSOIL-DTRHCH 036010 000
IF(DROCK.LT.DTRMCH) DSOIL=DROCK 036020 eo
DROOF*DTRNCH-TOTBOX 036030 0000
CONSTR-6.0 036040 0000
IF(DROCK.GT.DROOF.AND.ISUPPT.NE.6) BE-5E+CONSTR 036050 e0e

C INITIALIZE 036060 0000
WTWALE-0. 036070 0000
WTSTRT-G. 036080 0090
WTANCH.0. 036090 0000
UTSP,0. 036100 0000
WTSPD-0. 036110 0000
SPDLT-0. 036120 0000
DSPO. 036130 0000
DSPD-e. 036140 0000
SIDESLmS. 036150 0000
DSLURYS.0 036160 0000
IF(MEX.EG.7) GO TO 3140 036170 0000
IF(DROCK.LT.O.1) GO TO 3190 036180 0000
IF(ISUPPT.EO.5) GO TO 3120 036190 0000

C ---------------------------------------------------------------- 036200 e0e
C SLURRY WALL SUPPORT SYSTEM 036210 0000
C - ---------------------------------------------------------------- 036280 0000
C COMPUTE LENGTH OF SLURRY WALL 036230 9o0e
C IS ROCK LINE ABOVE TRENCH BOTTOM 036240 0000

IF(DROCK.LT.DTRNCH) GO TO 3117 0362s0 0006
C IS ROCK LINE SHALLOWER THAN 8 FT BELOW TRENCH 0362660 000

IF(DROCK.LT.DTRNCH+8.) GO TO 3116 036270 0000
C IS GROUNDWATER TABLE BELOW TRENCH BOTTOM 03628 0000

IF(DWATER.GT.DTRNCH) GO TO 3115 036396 0000
IF(IUATER.EG.1 -AND. DI.GT.S.005) GO TO 3115 036300 0009
IF(D1O.GT.6.60S) GO TO 3112 036310 6000
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C WEIGHTED CREEP RATIO DETERMINES SLURRY 6)ALL PENETRATION 636326 0060
CREPNN*(340.+1 .5SSCOHESN )/COHES4 038230 0660
0O TO 3113 036340 S06$

3111 CREPNtI4.3-1.3XALOGIOCSOR1(10.*ADS(PERM))) 036360 6060
3113 DILURYeDTRNCH+4. 036360 600

CREEP. Cl. DSLURY-DUATER-DTRNCN )' DTRNCH-DWATER) 036370 6680
IF(CREEP.GT.CREPMH) 00 TO 3120 e36380 f0et
DSLUR%* CCREPMNZ( DTRN4CH-DbUATER .DI.ATER.DTRNCH)/2. 036390 0000
DTIMP*ELSURF-ELIMP 036400 $Gee
!F(DTIMP.GE.DSLURY.0R.Dl0.LE.6.00S) GO TO 3114 036416 0060

C SLURRY WALL. PENETRATES IMPERVIOUS LAYER 636420 0000
HI*DTIMP-DWATER 036430 0006
IF(HI.LT.O.) HI-0. 636440 e000
HR.DTtMP-DTRNCH 0364S6 000
N2DN .H2 036460 0060
H2UP* DTRNCH-DTIMP 036470 0000
IF(DTIMP.GE.DTRNCH) H2UP-9. 036486 0000
IF(DTIMP.LT.DTRNCH) H2DN*6. 636490 000
AA-. 0 36500 000
83-4.tADS(H2 .4*H2 036510 8060
CC.H1:z2.*H2zg2..2.*Hl*ABS(H2)2.*H2UP(H-H1 +CAEPMN*(H2-H Is 636526 006
ICH2DN+H1) 636530 00e
PENIMP-I3.BS0RT(3D0*2.-4.*AAICC ) )2./AA 636546 0000
IF(DTIMP.GE.DTRNCH, DSLURY.DTIrIP+PENIMP 036556 0666
IF(DTIMP.LT .DTRNCH) DSLURY.DTRhCH+PENIMP 63656O00e

C MINIMUM EMBEDMENT FOR ALL SLURRY WALLS IN SOIL 036576 600
IF(DSLURY.LT.DTRNCH+10.) DSLURY-DTRNCH.10. 036S90 6660

3114 IF(DSLURY.GT.DROCK+2. ) DSLURYaDROCK+2. 036590 0066
GO TO 3120 036606 0000

C MINIMUM EMBEDMENT FOR ALL SLURRY WALLS IN SOIL 036610 0006
3115 DSLURY.DTRNCH+10. 036620 0006

GO TO 3120 036636 0006
C MINIMUM EMBEDMENT FOR ALL SLURRY WALLS IN ROCK 036640 0000
3116 DSLURV.DROCK+2. 036656 0000

GO TO 3126 636660 0066
C IS ROCK LINE AT LEAST 2 FT ABOVE ROOF OF BOX 036676 0066
3117 IF(DROCK+2. .LT.DROOF) Go To 3118 036686 0000

DSLURY-DTRHCH42. e36696 8666
GO TO 3120 036700 0066

3111 DSLURY.DROCKi2. 636710 000e
C-------- --------------------------------------------------- 036726 900
C SOLDIER PILE/LAGGING SUPPORT SY'STEM 036736 6006
C ------------------------------------------------------------------ 6036746 6606
3120 TREMPR-TRENPR+SURQE 036750 000
C ANCHORS AND/OR STRUTS 036760 0060

WTSTRT-.S 225*TRENPR.. *lE 036770 900
ANCHDI-@0.94*SQRT TRENPR 100.) 036780 0000
IFCANCHDI.LT.O.5) AHCHDI-0.5 036796 000
WTANCH.PIOCAiCHDI/2. )E*2.*6.293312. 636800 0000
IF(IlRACE.EG.1) UTANCH-0. 036810 0000
IF(IBRACE.EQ.2) UTSTRT.6. 036820 0000
IF(ISUPPT.EG.6) GO TO 3190 036830 00S0

C WALES 636840 0000
WTWALE.SGRT 5 *6STRENPR) 036850 0000
IFCIJTUALE.LT.13.) UTWALE.13. 030350 0000 .
DWALE-S0RTC8.*UTJALE )-S.S 036870 0006

C SOLDIER FILES 036880 0090
C MON DECKED SOLDIER PILES 036390 0006
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fliP *1QRT(TpfMPR) 036900 0880
I FUTSP.LT.13.) JTSP*13. e36910 0S80

IFCZICK. EQ.4) GO TO 3185 e36936 *S00
C DICKE SOLDIER PILES 036940 0000

SPAXALs 15 .*3E8.* 40. 036950 "ee
WTSPD.SQRT(TUREPR ).@.2a2*SPAXAL/,1S.*( 1.@-0.l5*(TRENPR/1eOO.) *36960 "Of
1580.333) 036970 00
IF(WTSPD.LT.23. I UTSPD-13. *36980 0000
D$PD-SORT(6.*UTSPD 1-5.0 036990 $ees

C IS ROCK LINE ABOVE TRENCH BOTTOM 037069 eg0s
IF(DROCK.LE.DTRNCH) GO TO 31a4 *37010 000
DPILEHI ./6.SSORT(1.I WSP1 @37020 0800
IFCPHI.OT.6.) GO TO 3122 $37030 00
SPDLT.DTRNCHC1.75RSPAXAL/(0.SPIDPILEH)-6.7COHESNDPit.EH/2. 3' 037640 0000
1(2. SCOMESN+DP ILEH/2 . GAMA) 037050 sees
GO TO 3123 30609

3122 CNO.EXP(PISTANCPHI*PI,180.fl*(TAN(PI'4.+PHIIPI'36. )88*2 037670 0000
CMC.(CNO-1. )/TAM(PHI1PI/180. 1 037086 000e
IF(PHI.GT.O.) CNGAM*0. 037090 sees
IF(PHI.GT.le.) CNGAM.0.3*(PHI-10.) 037100 08e
IF(PHI.GT.20. 3 CNGAM-CPHI*22-33S. 3/22.3 037!10 see0
IF(PHI.GT.35.) CNGAM-8.*(PHI-35.)+40. 037:20 0060
IF(PHI.GT.45. I CMGAM.32.*(PHI-40. 3480. 037130 800
AA.GAMMASTAN(PHISPI'180. 1 037140 0000
8D'2.*COI4ESrI.DPILEH/2. IGAMMA:CNQ 03'150 see0
OC*1.3:COHESNEDPILEH/2.*CNc+,.6:GAMMAZIe.SZDPILEH U*2ICHGAM 037160 80
1-1 .7S*SPAXAL/(@.SSPIIDPILEH) 67106000
SPDLT.DTRCH.-UD+SGRT(DIE*2-4.ZAACCV)/a.*AA) 03718070e"0

3123 IF(SPDLT.LT.DTRNCH+10.) SPDLT.DTR2MCN+10. 037190 060
IF(SPDLT.GT.DROCK.2.) SPDLT*DROCK*2. 037200 0000
GO TO 3125 037210 0000

3124 SPDLT-DTRNCM.2. 63720@ 000
------------------------------------------------------------------ 037230 0000

C FOR ROCK DESIGN, CHECK IF EXTERIOR BOX WJALL IS SMALLER THAN DEPTH 037240 00e
C OF SOLDIER PILE EMiBEDDED IN WALL 037250 0000
3125 IF(DROCK.GT.DROOF) GO TO 3130 037260 0000

IF(DROCK+10..GT.DROOF.AND.TEXUL.LT.DSP/12.) TEXWL-DSP/i2. 037270 0000
IF(TEXhJL.LT.DSPD/12.) TEXLLDSPD/12. 037280 0000

C ------------------------------------------------------------------ 037290 0600
C IN' ROCK EXCAV~ATED TRENCH WIDTH EQUALS BOX WIDTH 037300 0000

WDTDOX4iFBWDT.2ETEXWL.(NDOX-1 :TIN4WL 037310 0900
BE-UDTBOX 037328 0000
GO TO 3190 037330 0060

C ------------------------------------------------------------------ 0$37340 0006
C COMPUTE FINAL EXCAVJATED TRENCH WIDTH FOR BOX IN SOIL 037350 0006
3130 IF(IDECK.EQ.0h3E.3E.(2.DiJALE,2.sDSP)/12. 037360 goes

IF(IDECK.EQ.1) DEoDE+(2.SDUALE.2.*DSPDW/12. 037370 0000
GO TO 3190 037380 00.

C ------------------------------------------------------------------ 0$37390 e0g0
C SIDE SLOPE FOR OPEN CUTS IN SOIL 037400 000
C------------------------------------------------------------- ----0$37410 0006
C ALL SLOPING CUTS EXCEPT CLAYS (DIS.LE.0.005) WILL BE DEUATERED 037420 000
3140 IF(COHESN.GT.S.0) GO TO 3150 03743t 0000
C MATERIALS CHARACTERIZED BY PHI ONLY 037440 @000

SIDESL*1.25/TAti(PHISPI/180.) 037456 000
GO TO 3190 037460 000

C MATERIALS CHARACTERIZED BY COHESION ONLY OR BY PHI AMD COHESION 037476 600
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31k IQH.0!ASSI 037480 000
IF(DhA7ER.LT.DSO!L.AND.DIO.LE.0.009) 5IGGAH*GAMMAXDwATER+(GAlrA- 037490 000

161 .4)*(DSOIL-DLJATER) 037500 0660
PH!DEV-ATAN(TAN(PHIEPI/130. )/1.2S) 037516 606

TEMPU.COHESN/C I.2SRSIGGAN) 0379S0 000
IF(TEFIPI.LE.TEFIP2) GO TO 3190 037560 000

C 6-- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - 37570 0000
C SLOPE AHGLE IS BETUCEN PHIDEJ AND 60 DEGREES 037S80 600

IFCPHI.EO.6.0) MAX-11.0 037S90 9000
IFCPMI.GT.6.0) MAX.1,TAN(PIDEU) 037600 000
MIN.5 77 637610 900

C ITERATION REQUIRED TO DETERMINE DESIGN SLOPE 037626 0000
3160 SIDESL.(MIH+MAX)'2. 637630 000

TEP-IOCSA~4i/IEL-HIE)/4SI(TNl/IEL) 037646 0000
ICOS(P4IDEJ U 037650 000
!F(fEp!P1.GT.TE1P2) GO TO 3176 037660 0000
MINsSIDESL 637676 9000
IF(MAX-MIN.LE.0.01) GO TO 3130 637680 000
GO TO 3160 037690 0000

3170 PAX.SIDESL 037700 0000
IFCMAX-MIN.LE.0.01) GO TO 3190037000
GO TO 3160 037720 0000

3130 SIDESL.(MIN+MAX)/2. 037730 0000
c ------------------------------------------------------------------0937740 0000
C SUMMARY CUT AND COVER 037790 0000
C ------------------------------------------------------------------0937766 0066
C VOLUME DISPLACED BY BOX 37000
.3190 VBOX*TOT3OXZIJDTBOX/27. 637780 000

------------------------------------------------------------ 037796 0000
C TO T OF BOX 037800 000

VL'(WDTDOXS(TROOF.TINVT.TINSB )+DF -1 )*TINIUL) )/27. 037910 00004
C------------------------------------------------------------- 0$37980 0000
C FORMWORK FOR CAST IN PLACE CONCRETE 037830 0000

FORMAR-0. 037340 000
IF(LINING.NE.1) GO TO 3200 037350 0000
FORr AR.BFDHT:C2+(NDOX-1 )22)+3FDuDT 037360 000
IF(ISUPPT.EQ.9.AND.DROCK.GT.DROOF) FORMAR.FORVIAR+2.*TOTBOX 037870 0000
IF(1B0X2.EG.1) FORMAR.FORMqAR.BF3IJDT 037886 000

C ------------------------------------------------------------------0637890 090
C STORE TRANSFERED VALUES IN 'A' ARRAY 037900 0006
C ------------------------------------------------------------------ 037910 006
3200 AUI 30)*STAINO 037910 4000

IF(iSUPPT.E0.5, A(I 38)*SPDLT 037930 0606
IF(ISUPPT.EQ.61 A(I.38loDSLURY 037940 0000
A(1.32)eSE 637996 0000
13sl*E 037960 000
A(I,42103 037976 00
A(Z.43 )eTOTBOX 037936 000
A(I,62)mDTRNCN 037990 0000
A(I 63)oSIDESt 031000 00
A 1.54 )'VDOX @33010 0600
A(Z.56)-UL 038020 0000
AC( 1.56 )*FORMAR 033 0060
A(. 63)sUTUALE 631040 000
ACID 54J*WISTRT M330S "000

(Continued)

A88



((, I [N 1.is i ii., (Ct mL i id

A(365)-UTANCH 3060 0000
AR,1663)UTSP e38678 $se0
A(I 6?).UTPD 0380* SeeO
00 +O 4000 033090 6000

C---------------- -------------------------------------------------- 03810 603
C CUT AND COVER SHAFTS 038119 eS
C --------------------------------------------------------------*o3em8 *s@

33W ICUT4eC.1 038130 SOO
ISUPPT-4 038140 0000
LINING- 438Ls0 SOO

C REDUCE UNIT WEIGHT OF SOIL DUE TO BULKING DURING BACKFILLING 031160 oo
GMMA.GAMMA/1.*1 038170 0000
GO TO 1eee *3BLt0 0000

46W CONTINUE 038190 0O00
IF(NSSTYP.EG.3.OR.NTSTYP.EG.3) RETURN 038200 0o0

C CHECK IF FACE INFLOW INPUT WHEN GROUND WATER TABLE BELOU SEGMENT 038210 000
GI.A(I',) 0382ae eee
ELAVG-(ELNPL ELNPR)/2. e38230 0000
BEsA(I 39) 038240 0000
ELOOTM ELAVG-BE/2. 038250 000
IF(ISHAPE.EQ.3) ELBOTM.ELAUG-RE/4. 038260 00e
IF(ITYPE.EG.1.AND.GI.GT.O.O.AND.ELBOTM.GE.ELWATR) WRITECLO,3600) 038270 0000
1NTSEGNREACH 038230 0000

C----------------------------------------------------------------- 38890 ees
C CHECK IF SHAFT SEGMENT IS UET WHEN WATER TABLE IS BELOW SEGMENT 038300 0000

GI-O(I 9) 039310 Bs
IF(ITYPE.EQ.2.AND.GI.GT.O.O.AND.ELPB.GT.ELWATR) URITE(LO,360) 038320 000
INSSEGNSHAFT 038330 0000
RETURN 038340 0000

C 038350 000
SOSO PWATER-62.42(ELUATR-ELAkG)

IF(PUATER.LE.0.001)PATER-.01
TL*TLIN
IF=BF+ZSTL+.333
lE4$-BE
9E6S-BE
SODBE-1034003

30160.BO
A(I,39)-BE
A( I:4O )*E40
A(X,41)=BESS
A(I,42)-30
A(I,43)=90940
(I.44),90968

A(I,64)nPUATERA(I,111oTL
C 038370 e00
1010 FORMAT(/,' .22 WARNING *2x2 ---THICKNESS INPUTED FOR SEGMENT', 038380 0000

1 14 ' IN REACH',14,' IS LESS THAN IN STANDARD DESIGN. INPUT IGN
aOREh') 038400 000

1011 FORMAT(/,' 2*2* WARNING $is* ---THICKNESS INPUTED FOR SEGMENT', 038416 O
1 14 ,' IN SHAFT',14.' IS LESS THAN IN STANDARD DESIGN. INPUT IN 038420 SOSO
aOREb') 038430 O

2710 FORMAT(/,' *2 WARNING 2*22 ---THICKNESS INPUTED FOR SEGMENT '.14 038446 OO0
1,' IN REACH',14,' APPEARS TO BE INADEQUATE FOR WATER PRESSURE.' 038450 0600
3/' COMPUTED THICK. FOR WATER PRESSURE USED') 038460 OOI

3711 F6R RAT(/,' 3* WARNING 2222 ---THICKNESS IMPUTED FOR SEGMENT '.14 038470 WOO
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1 I' ZN INAFT',14,' APPEARS TO DE INADEQUATE FOR WATER PRESSURE. 033430 060
3' , COMPUTED THICK. FOR WATER PRESSURE USED') 638490 000

35" F6RMAT(IX,'2222 REMINDER *2*, A LINING THICKNESS WAS INPUT FOR 3386 0000
I A CUT AND COVER BOX IN SEGMENT°I14°' IN REACH',14,°. INPUT IGNOR 633510 S0
RED') 833562 00

2600 FORMAT(/ ' 2222 WARNING *221 A GROUND WATER INFLOW WAS SPECIFIE 038S34 0000
ID IN SEGAENT' IS,' IN REACH' 16' WHEN WATER TABLE IS BELOi BASE 0 638546 0000
2F TUNNEL.'/' iNFLOW IGNORED IN 60ST COMPUTATIONS.') 6335 000

3605 FORMAT(/ ' 5*$ UARNING *2** WET GROUND SPECIFIED IN SEGMENT' 63856e 0600
116i5 IN SHAFT' Is , WHEN WATER TABLE IS BELOW SEGMENT.'/' WET GRSU 638570 90
2ND IGNORED IN OST COMPUTATIONS.') 833516 e00

C 63859600
C 63860 0000
C 633616 8000

RETURN 03861S
END 038620 000
SUBROUTINE STABIL(I,A,B,CNPSHAFT,TRDATA,NTSMAX,NSSMAXNPMAX,NSMAX 038630 00
I,NTRMAX) 033635

C ................................................... -------- 038640 000
C - ------------------------------------------------------------- 038656 00ee
C THIS SUBROUTINE SELECTS THE STABILITY NUMBER STABILIZATION METHOD 038660 0000
C AND EXCAVATION METHOD TO BE USED IN SOFT GROUND TUNNEL AND SHAFf 038670 000
C SEGMENTS 638680 6666
c - ------------------------------------------------------------- -38696 066
c - -------------------------------------------------------------- 038700 006

COMMON /BASIC/ NSSNTS 03870 0000
COMMON /A/ LO.LI PM OM LIST(40),TITLE(16),STABEG,ITYPE 638720 000
COMMON /F/ IEAROAZiTOA 638730 6000
DIMENSION A(STSMAX,68),3(NSSMAX,43),CNP(NPMAX,2),SHAFT(NSMAX,23), 038740 goe
I TRDATA(NTRMAX,23) 0397s6 000

c --------- 038766 000
C ---------- 038770 000
C DO NOT COMPUTE A STABILITY NUMBER IF ONE UAS INPUT. ALSO, DO NOT 038786 0006
C COMPUTE ONE FOR PORTALS DUMMY SHAFTS, AND CUT-AND-COVER SEGMENTS. 038790 006

IF(ITYPE.EG.1) GO TO 1li 038860 000
C - -------------------------------------------------------------- 038816 000
c THIS IS A SHAFT SEGMENT 038820 000
C CHECK FOR ROCK OR CUT AND COVER SEGMENTS AND FOR A PORTAL OR 038830 0000
C A DUMMY SHAFT 038840 0000

NSSTYPsI(j IS) 033850 e0e
IF(NSST YP.EQ.1) GO TO 500 038866 000
IF(NSSTYP.EO.3) RETURN 038870 0000
NSHAFT;-(I 1) 033880 0066
NPORT.SHAFNSHAFT,23) 038890 000
IF(HPORT.EO.1) RETURN 033900 000
ISHAPS*SHAFT(NSHAFT, 16) 038910 0006
IF(ISHAPS.LT.1) RETURN 038920 000
BE *(C.29) 038930 0000
STAMNOBcI 24) 038940 ge0
IF(STA NO.&T.O.01) GO TO 1830 03350 00
MSSEG a3(Ii) 638960 6006
MEX a3(I7)e389? eeo
ELWATR-( I,13) 033910 060e
DIe -( 1,16) 033990 0ee
COHESN*o3I.17) 039444 ees
GAMMA *a(I,13) 039010 000
PHI .|(II9) 039030 0600
IWATERId1.31) 039034 Of"
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PERM 3c.3) 639646 6666
ASTAN 1 ,5 63905 6666

mT c.26) 639666 066
AC * CI~6) 39076 66*6

ELsuRtFCNPCNPTS 2) 639166 966
ELAAUG wEL"tJR-SIODEP 639116 6666
00 To 1663 639±26 6666

c ROCKc SH4AFT 39136 6064
see AIRPRes 039146 6666

ICI a?)wAIRPR 6391S6 6006
MSTAI.6 6391696 006
lCI 2S)*MSTAD 639176 6666
RETCIRM 639136 066

C ------------------------------------------------------------------6839196 6666
C THIS IS A TUNNEL SEGMENT 639266 6606

100 TSTYPeACI 16)032 00
16IPF(MTST%P.10.1) GO TO 1662 639216 0660

IFCr4TSTY'P.E0.3) RETURN 639226 600
BE *C139) 639246 0060
STAUDiO*A(I 36) 639256 0060
IF(STABNO.;T.O.91) GO TO 1836 639266 0066
NTSEG -A(I,1) 639276 0660
NPL oA(1,2) 639286 6666
NPR *ACI,3) 03929800666
NREACW*A( ,4) 039366 066
MiEX mACI,7) 639316 est
ELWATt-ACI,14) 639326 060NPLS -A(I.,17) 639336 0606
NPRS *A(I,18) 639340 0066
010 9A(I 19) 039356 6660PHI1 *A(r.20) 639366 6666COHESMOAC 121) 639376 6660
GAMMA oA(I.,2?) 639386 6666
IUATER-A(I 23) 639396 0666
ELIMP-A(I N4) 639466 6060
PERM *Adf,25) 639416 6660
MSTAR -A(1,31) 639426 0069
MUST OA(1,321 039436 6666
MSTAC :ACI,34) 639446 0666
ISHAPE TRDATA(MREACH,3) 63945S00666
ELMPL mCNP(NPL.2) 639466 606
ELNPR *CNP(NPR 2) 039476 6666
ELNPLS*CMP(C PLb,2) 63948 680
ELNPRSeCNP(NPRS 2) 639490 6666ELSURF. (ELNPIS4kLPRS )/2 0 39566 6666
ELAVO e CELNPL+ELNPP ) /. 639S16 6666
SEGDEP *ELSURF-ELAVG 639526 066
00 TO 1663 039536 6666C ROCKC TUNNEL 639646 6666

Io62 AZRPR.6 0956 606s
AC! 33).AIRPR 639566 s66*MSTA60 636576 "s06AC! 31)&PISTAD 6396 64064
REYTiRN 639596 66661063 AIRPO. 631606 009C COMPUTE STABILITY NURDER BASED ON INPUT PARAMETERS 639616 606
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MSTAITSO 039626 0066
CALL STA3hU(COHESh,ELAVG.ELSURF ELWATR GAMMAISAPE.ISHAPS.ITVPE 039630 0000
1 PHI S RSTRSIGMATSTA3NM,3EMS+A3T,GAAMAAGAMMA,GArMACFFSAPE, a39640 eeg.
a SE06EP) a3965 000
STADNO.STAIN" 039660 0080

c CHECK WHETHER A PREFERRED STADILIZATICN MEHOC WAS N'PUT. THE 03967e eg.
C PREFERENCE COULD BE FOR USE OF NO METHOD AT ALL. 039680 066

IFCRUST.GE.3) GO TO 100 0396ge ZO0
C NO METHOD IS PREFERRED iv USER. CHECK IF SEGMENT CAN BE EXCAVATED. 039760-
040100 6000

C THE PREFERRED METHOD IS DEUATERING 040110 0000
1010 MSTAB*o 040120 6606

MSTAIT-2 640130 6660
CALL STABNU(COHESN.ELAQG ELSURF ELUATR GAMMAISHAPEoISHAPS,ITYPE 040140 0666
i PHI SHRSTR,SIGMAT,STADA!BE,fMfSTA3T,GAAMAA,GMMAiGAMMACFFSHAFE, 646156 0066
2 SEGbEP) 640166 6666
GO TO 1030 840170 6060

C THE PREFERRED METHOD IS COMPRESSED AIR 040180 060
161S CALL AIRPRS(AIRPR,DI6 ELAVGELWATR IERROR ITYFE,PHISHRSTRSZaMAT, 040190 0080

1STABNf'.STANO.LO.NREACH.NSHAFTNSStGoNTSE6) R46190 6e6
MSTAB-1 040210 6666

1030 IFCITYPE.EQ.l) A(I,36)-STABNM 646226 6660
IF(ITYPE.EG.I) A(I,31)-MSTAB 040230 6660
IF(ITYPE.EQ.U) A(I,33)-AIRPR 046240 6666
IFCITYPE.EO.2) B(I,24)-STABNM 040250 0000
IF(ITYPE.E.2) B(I,2S)-MSTAB 640260 006
IF(ITYPE.EQ.2) B(I 27)-AIRPR 640276 666

C CHECK UHETHER THE SEGMENT CAN BE EXCAVATED AFTER STABILIZATION 040280 066
1035 IF(STASNM.LE.. .AND.PHI.LT.9. .OR. STABNM.LE.7. .AND.PHI.GE.29.) 046290 6660

1 GO TO 1050 040366 6666
C SEGMENT CANNOT BE EXCAVATED EVEN AFTER USING A STABILIZATION METH. 040310 6660

IERROR 1 640320 00N
IF(ITYPE.EQ.1} WRITE(LO,2Oee)NTSEG,NREACH 040330 0000
IFCITYPE.EO.2) URITE(LO,3e9)NSSEG,NSHAFT 040340 600
RETURN 6463S 6666

C SEGMENT CAN NOW BE EXCAVATED. STORE THE NEW STABILITY NUMBER 046360 000
1050 STABNO-STABNM 040370 6666

GO TO 180 040380 660
c ------------------------------------------------------------------ 40396 600
C SEGMENT CAN BE EXCAVATED WITHOUT BENEFIT OF STABILIZATION 046460 0666
C IF USER WILL ALLOW A STABILIZATION METHOD AND STABILITY NUMBER IS 640410 6666
C HIGH CHECK WHETHER USE OF STABILIZATION WILL DECREASE STABILITY 046426 006
C NUMBER BY AT LEAST 1.6 604436 6060
C ------------------------------------------------------------------ 040440 0060
1200 IFCSTABNO.LE.4.) GO TO 1366 040450 0606

IF(MUST.GT.1) GO TO 1300 04046e 600
C USER WILL ALLOW STABILIZATION TO BE USED 040470 000

IFCD10.LE. .S) GO TO 1215 604480 0666
AIRPR-O. 040490 6660
IF(ELAVG.GE.ELWATR .OR.IWATER.EQ.e) GO TO 120S 040S0o 0000
IFCPERM.LT.. .AND.A9S(PERM).GT.S.eS*6) GO TO 1269 646S16 060e
IF(PERM.GT.. .AND. DIO.GT.e.oe) GO TO 1269 046S26 0000

C THE FIRST CHOICE METHOD IS GROUND INJECTIONS 040S30 6660
1205 MSTAB-3 046S46 000

COHSGI.aeeee.*SORTCIS.ZABS(PERM)) 046ss 600
STARNMeSIGMAT/(SNRSTR+COHSGII 040S66 0000
IF(STAINO-STANP.GE.1.) GO TO 123S 046570 0006

C DECREASE IN STABILITY NUMBER CAUSED BY USE OF GROUND INJECTIONS IS 640680 0060
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C SM * IF COMPRESSED AIR IS ACCEPTADLE,CHEC( IF IT GIVES GREATER 046S96 0000
C K iiAff. 0*0609 66e6

IF(PKRM.LT.S. .AND. ADS(PERM).GT.O.4) GO TO a36 040616 90*0
IFCPERM.GT.S. .AMD.Dl@.GT.2.) GO TO 1336 646636 004SIFC ELAUQ.GE.ELWATR) GO TO 1267 640636 0000
IF(ELUATR-ELAYO.GT.11S.) GO TO 1235 0640 000

C COM M SSED AIR IS AN ACCEPTABLE METHOD. 040656 0000
1307 CALL AIMPRS(AIRPR.D10 ELAUG EL&JATR IERROR ITYPEPHI,SHRS7R,SIGMAT, 040660 0000

ISTINM STA3NOLO,NREALI,NSHAFT.NSStG,NT5E6) 040676 *@*0
MSTAD* I *40684 0666
0O TO 1236 646696 6060

130 IF(SECDEP.LE.156.) GO TO 1210 640766 0000
C GROUND UOULD BE DEUATERED EXCEPT THAT SEGMENT IS DEEPER THAN IS 640716 066
C USUALLY DESIRED. TRY GROUMD INJECTIONS FIRST. IF STABILITY NUJMBER 640720 0000
C DOES NOT CHANGE BY MUCH.,TRY DEI.ATERING INSTEAD. 040730 0060

CONSGI.20066.*SGRT 16.*ABS(PERM)) 040140 eOg.
STARNMOSIGMAT' CSHRSTR+COHSGI) 046750 eas
IFCSTABNO-STABNM.GE.1.) GO TO 1235 040'60 0000

C THE PREFERRED METHOD 1S DEWATERING 040770 0000
1210 MSTA3S2 040730 000

MSTABT-2 040790 0000
CALL STABHU(COHESN,ELAUGELSURF ELOATR,GAMMA,ISHAPE ISAPS.ITYPE 040800 0080
I PHI SHR5TRSIGMATSTA3NM,BEMS*A1T,GAMMAAGAMMA3.GAMMACF.FSHAPt. 040810 0000
2 SEGf3EP) 040820 000
GO TO 1235 040330 0000

C THE PREFERRED METHOD IS COMPRESSED AIR 040840 0000
1316 MSTABm1 046350 0000

CALL AIRPRS(AIRPR,DIG,ELAVGELJATR IERROR ITYPEPHISHRSTRSIGMAT, 040860 0000
1 STABNM STADNO LO NREACH NSHAFT N4EG NTSfrG) 040370 0000

C CHECK FbR STA~tLItY NUMBER DECRkASE R~ AT LEAST 1.0 040330 00
1236 IFCSTAUNO-STAONM.GE.1.) GO TO 124S 040390 6060

C STABILITY NUMBER DECREASE IS LESS THAN 1.0 FORGET STABILIZATION 040900 00
C METHOD AND EXCAVATE USING ORIGINAL GROUND CONDITIONS 040910 0000

M'STAB*@ 046920 000
AIRPR*S. 640930 0800
IF(ITYPE.EG.13 GO TO 1246 046940 0009
URITE(LO 3610) NSSEGNSHAFT 046950 0060
3(I I24)e§TAINO 040960 0000
BCI.,25)*MSTAB 040970 000
lCI 27)*AIRPR 040980 000
Go t0 13s" 040990 6000

1246 URITECLO 2610) NTSEGNREACH 041000 0000
A(!.30).6TABNO 041010 0000
ACI,31 )eMSTAD 641020 0000
ACI 33)oAIRPR 041030 600
GO t0 1306 041640 0066

C STABILITY NUMBER DECREASED BY AT LEAST 1.0 USE STABILIZATION 641056 6660
C METHOD AND NEW STABILITY N4UMBER 641060 660
114 ZFCMSTAB.GT.1) AIRPR.6. 641676 0666

IFCITYPE.EG.u) 0O TO 1256 641636 "S66
BCIA24)STAINM 04169400666
VCI.35)aMSTAB 641166 6666
VCI a?)eAIRPR 641116 Se66
STAINO-STAINM 641126 "S66
GO TO 1366 641136 9446

1350 A(I 30)GSTAINM 641146 Sa66
A ( 1D31 )*MSTAB 041150 0606
ACI.33)-AIRPR 041166 04406
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STAN~aTA~4N041170 000
40 TO 1"00 41180 sacs

1300 IFITYPt.to .1) AI,3.STANO 042190 000
IF(ITVPC.CG.l) 3(I.24).STAINO 041200 8060
00 TO 130 041210 o00

C ggsss**gZPRES*3E*Z3SEE08fE*04122a 0000
C A PREFERRED STABILIZATION METHOD WAS INPUT. THE PREFERENCE COULD 041230 0090
C It FOR USE OF NO METHOD AT ALL. 041240 000
C CAN THE SEGMENT BE EXCAVATED WITHOUT STABILIZATION 041250 e00
1600 IF(STAINO.LE.g..AND.PHI.LT.ag. ,OR.STAINO.LE.7. .AND.PHI.GE.E9.) 041260 000

1 00 TO 1600 041270 000
c ------------------------------------------------------------------ 041280 8000
C CHECK IF USER WILL ALLOW SOME METHOD TO BE USED. 041290 0000

IF(MSTAD.GT.S) GO TO 1502 041300 000
IERROR=I 041310 0000
IF(ITVPE.EO.1) URITE(LO.2050) NTSEGNREACH 041320 0000
IF(ITYPE.EQ.2) WRITE(LO,350) NSSEGNSHAFT 041330 so0e
GO TO 1530 04134e 000

C - ---------------------------------------------------------------- 0 41350 ees
C SEGMENT CANNOT BE EXCAUATED WITHOUT STABILIZATION. CHECK WHETHER 041360 8000
C USERS PREFERRED METHOD IS ACCEPTABLE 041370 0000
1502 IF(ITYPE.EG.2) GO TO 1505 041380 0000

IF(MSTAC.EG.1) GO TO 150 041390 0ee
C METHOD IS UNACCEPTABLE 041400 0000

IERRORm1 041410 0000
URITE(LO.3034) NSSEGNSHAFT 041420 000
RETURN 041430 0e

15 IF(MSTAC.EO.I) GO TO 1510 041440 osee
C METHOD IS UNACCEPTABLE 04145 0000

IERROR-I 041466 0000
URITE(LO.2036) NTSEG,NREACH 041470 000
RETURN 041480 0000

C - ---------------------------------------------------------------- 0 41490 0000
C STABILIZATION METHOD INPUT IS ACCEPTABLE 041506 0000
C CHECK FOR PREFERRED METHOD 041510 0006

1510 IF(MSTAB.EG.lU GO TO 1526 041520 000
IF(MSTAP.EO.3) GO TO 1518 041530 0000

C THE PREFERRED METHOD IS DEUATERING 041540 0000
MSTA3T-2 041550 0000
CALL STABHU(COHESNELAV GELSURF ELWATR GAM ,ISHAPEISHAPSITYPE 041560 000
I PHI SHRSTR.SIGMATSTAHBNA!E,MSABT,GAAMAA,GMM°ABGMMAC,F,FSAPE° 041570 000
2 SEGEP) 641580 000

Go TO 1sas 041590 0000
C THE PREFERRED METHOD IS GROUND INJECTIONS 041600 0000
1618 COHSI-200S0.ESORT(10.:AS(PERN)) 641610 0000

STAD F-SIGMAT/(SHRSTR.COHSGI) 041620 000
GO TO 1525 041630 0000

C THE PREFERRED METHOD IS COMPRESSED AIR 041640 0000
152, IF(ITYPE.EG.I) AIRPRA(I.33) 041650 000

IF(ITYPE.EQ.2) AIRPR-(I,27) 041660 0000
C IF AIR PRESSURE IS INPUT USE IT AND COMPUTE STABILITY NUMBER.IF 041670 0000
C NONE IS IHPUT,COMPUTE AIk PRESSURE 041680 0000

IF(AIRPR.GT.0.) GO TO 1522 041690 s00
CALL AIRPRS(AIRPR DIS ELAVGELWATR IERROR ITYPE,PHISHRSTRSIGMAT, 041700 000
1STAINM STABNOLOAREA6HNPAFTNSSIG.NTSE&) 041710 0000

GO TO 1525 041720 000
1513 STA3NM.CSIGMAT-AIRPRI144.)/SHRSTR 041730 0000

C CHECK WHETHER SEGMENT CAN BE EXCAVATED AFTER STABILIZATION 041740 000
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153 IF(STAINM.LE.9. .AD.PHI.LT.a9. .OR.STAINM.LE.7. .AND.PHI.GE.29., 041750 000
1 00 TO 1536 041760 0000

C EQGMNT CANNOT BE EXCAVATED EVEN AFTER USING A STABILIZATION MEH. 041770 0000
I EER R 1 *41780 000
F(ITYPE.E0.) WRITECLO.2035)MTSEG,S4REACH 0417980 000
IF(ITYPE.E0.2) WRITE(LO 303S)NSSEG.1NSHAFT $41899 00o0
IF(ITYPE.EQ.1) A(I,30)*STABNM @41810 060
IF(ITYPE.E0.1) AdI,33)*AIRPR *41820 0000
XF(ITYPE.EQ.2) l(I.24)oSTAINM 041830 @00
IF(ITYPE.E0.2) 3(1,27).AIRPR 041840 000
GO TO 1830 0418S0 e0e

c----------------------------------------------------------------- 041860 0000
C SEGMENT CAN NOW BE EXCAVATED 041870 0000
1530 IF(ITYPE.EG.I) GO TO IS3S 041880 000

l(I 24),STABNM 041890 000
D(I 27).AIRPR 041900 0000
STAiNO-STABNM 041910 000e
GO TO 1800 041920 000

1536 A(I,30)eSTABNM 041930 00ee
ACI 33)-AIRPR 041940 000
STAiNO-STARNM 041950 0000
GO TO 1300 041960 ee0

c .-.-. ..------------------------------------------------------- 041970 0000
C SEGMENT CAN BE EXCAVATED WITHOUT BENEFIT OF STABILIZATION METHOD 041980 0000
C - ---------------------------------------------------------------- 041990 0000
C CHECK IF NO METHOD IS TO BE USED 042000 0000
1600 IFCMSTAR.EG.O) GO TO 1640 042010 0000

C CHECK WHETHER USER REQUIRES STABILIZATION METHOD TO BE USED 042020 0000
IF(MUST.EQ.4) GO TO 1610 042030 0000

C STABILIZATION IS NOT REOUIRED.FORGET STABILIZATION AND EXCAUATE 042040 0000
C USING THE ORIGINAL GROUND CONDITIONS. 042950 0000

IF(ITYPE.EQ.1) GO TO 1605 042060 0000
JRITE(LO,3015) NSSEGNSHAFT 042070 0000
MSTABe 042080 0000
3(1,24)-STABNO 042090 0000
3(I 2S)-MSTAB 042100 000
GO To 1800 042110 0000

1606 URITE(LO,2015) NTSEG,NREACH 042120 0000
MSTABwS 042130 0000
A(I,30)-STABNO 042140 000
A(I 31)-MSTAB 042150 0000
GO to 1800 042160 0000

C --------- --------------------------------------------------------- 042170 0000
C USER REQUIRES USE OF A STABILIZATION METHOD. CHECK IF SPECIFIED 042180 0000
C METHOD IS ACCEPTABLE. IF METHOD IS UNACCEPTABLE,BASE COSTS ON 042190 0000
C UNSTABILIZED GROUND 042200 0000
1610 IF(ITYPE.EO.I) GO TO 1615 042210 0000

IF(MSTAC.EG.1) GO TO 1620 042220 0000
WRITE(LO 3080) NSSEGNSHAFT 042230 0000
GO TO 1800 042240 0000

1615 IF(MSTAC.EO.1) GO TO 1610 042250 0000
URITE(LO 2020) NTSEG,NREACH 042260 0000
GO TO A610 042270 0000

- ..................--------------------------------------------- 042280 00
0 STABILIZATION METHOD INPUT IS ACCEPTABLE 042290 0440
C CHECK FOR PREFERRED METHOD 042300 @000
16S IF(MSTAR.EG.I) GO TO 1630 042310 040

IFCqSTAI.EG.3) GO TO 165 0430 040
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C THE PREFERRED METHOD IS DEWATERINO 040330 000
MSTAITel 042340 0000
CALL STAINU(COHESNELAUG.ELSURF ELUATR GAMMA. ISHAPE ISHAPS, ITYPE 042350 0e0
I PHI SHRSTRSIGMATSTINA.,E,MS+ABT,GAMAAGAMMAB,GAMMAC,F,FSAPE, 042360 e0
A SECfUP) 042370 000
GO TO 1636 04238 000

C THE PREFERRED METHOD IS GROUND INJECTIONS 042390 000
IuSS COHSGIl0-S00.SSORT(10.*ABS(PERM)) *42400 0000

STADNIM*SIGMAT/(SHRSTReCOHSGI) 042410 00
10 TO 163S 04242 000

C THE PREFERRED METHOD IS COMPRESSED AIR 042430 e000
1630 IF(ITYPE.EO.1) AIRPR-A(I1133) 042440 000

IF(UTYPE.EO.2) AIRPR.B(Io2?) 0424S0 060
C IF AIR PRESSURE IS INPUT USE IT AND COMPUTE STABILITY NUMBER.IF 042460 00
C NONE IS 1NPUT.COMPUTE air PRESSURE 042470 0000

IF(AIRPR.GT.@.) GO TO 1632 042480 0000
CALL AIRPRS(AIRPRDO ELAUGELWUATR IERROR ITYPEPHISHRSTRSIGMAT, 042490 60
ISTABNM,STABMOLO°NREACH,NSHAFT,NSStONTSE) 0642500 000
GO TO 1635 042510 0000

1632 STABNM-(SIGP AT-AIRPR*144.)/SHRSR 04252e 800
C - ---------------------------------------------------------------- 0 42530 e000
C CHECK FOR STABILITY NUMBER DECREASE OF AT LEAST 1.0 042540 0000
163S IF(STADNO-STABNM.GE.I.) GO TO 1640 042550 0000

C STABILITY NUMBER DID NOT DECREASE BY AT LEAST 1.0 INFORM USER 042SSG 00
IF(ITYPE.EQ.I) WRITE(LO,282s) NTSEGNREACH 042570 0000
IF(ITYPE.EQ.2) WRITE(LO 3025) NSSEG:NSHAFT 042580 0000

1640 IF(ITYPE.EQ.t) A(I,30)=STARNM 042590 00$0
IF(ITYPE.EQ.I) A(I,33)=AIRPR 042606 000
IF(ITYPE.EO.2) B(I.24)2STASNM 042610 0000
IF(ITYPE.EG.2) B(,27)-AIRPR 042620 000
STABNO.STABNM 042636 0000

C S 042640 00
C CHECK FOR ACCEPTABLE EXCAUATION METHOD FOR THE STABILITY NUMBER 042660 000
C TO BE USED THE CHECK FOR COMPATIBILITY WITH SHAPE IS IN SUB IHPUT 042660 0000
1300 IF(ITYPE.E6.1)GO TO 1805 642670 0000

IF(MEX.EO.4) GO TO 1830 042680 0000
IF(MEX.EG.3 .AND.STAINO.LE.6.) GO TO 1830 042690 000

C METHOD IS UNACCEPTABLESELECT HAND METHODS INSTEAD 842700 000
REXm4 042710 0e0
3(1 ?)-MEX 042720 000
WRITE(LO 3040) NSSEG,hSHAFT 042730 0000
GO TO 1830 042740 0000

1306 IF(MEX-4) 1820 1830,1810 042750 e0
C RIPPER EXCAVATfON 042766 000
1110 IF(STAINO.LE.7.) GO TO 1830 048770 6000

GO TO 1825 042780 0000
C MOLE EXCAVATION 042790 e00
1320 IF(STABNO.LE.6.) GO TO 1830 642800 s0e

C MOLE OR RIPPER ARE UNACCEPTABLE,SELECT HAND INSTEAD 042810 0000
1816 MEX4 04820 0000

ACI 7)-MEX 042830 0000
URITE(LO,a649) NTSEGNREACH 04840 000

C 63 82U2 2:S*3g:::gg*:::::21888::::33g*8:Rzgs$sgr:z8,ggzg 048850 000
C IF STABILITY NUMBER IS LOU SHIELD IS VERY THIN AND LEAVEJS LITTLE 042860 000
C SPACE FOR BACKFILL BEHIND THE LINING OR SUPPORT 041870 0008
1330 1O-E+I. 048880 0000

IF(STAINO.LT.a.) 109SE 043390 000
IF(ITYPE.EG.1] A1(,411)-Ob 048900 000
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IF(ITYPE.EGl) B(1,31)*3O3 e l0e291 o 96
RETURN 04393 000

C e2933 0000
3066 FORMAT(/,' FATAL ERROR STABILITY NUMBER IN SEGMENT',15o ' :N RE 0642940 $00

IACH'.IS,' IS TOO HIGH +0 ALLOW EXCAUATIONEUEN AFTER STABILIZATIO 042950 000
am') 04296seeSO

3I1 FORMAT(/, s*R* REMINDER :S*x USE OF A STABILIZATION METHOD IN 643976 060
lSEGMEhT'.IS.' IN REACH'.15.' IS NOT VERY EFFECTIVE, NO METHOD USE 042930 0000
3D') 642998 eeg.

261S FORMAT(/' Ist* REMINDER *I* USER PREFERRED STABILIZATION METH 043000 0000
IoD IN SE6MENT',IS,' IN REACH',IS,' IS NOT REGUIRED, METHOD NOT US 043010 000
2ED') 043026 0000

202S FORMAT(/., *Is WARNING suS* USERS STAB. METHOD IN SEGMENT',IS 043030 0060
I ' IN REACH',1S,' IS NOT ACCEPTABLE NOR REQUIRED, METHOD NOT USE 043040 000
2D') 043050 0000

202S FORMAT(/., **** REMINDER **Xs USE OF STABILIZATION METHOD :N SEG 043066 0000
1MENT',I5,' IN REACH',IS,' IS NOT VERY EFFECTIVE, METHOD USED ANYU 043070 0000
2AY') 043080 000

2030 FORMAT(/,, FATAL ERROR USERS STAB. METHOD IN SEGMENT'.15,' IN R 043090 00e
BEACH' 15' IS NOT ACCEPTABLE AND STABILITY NUMBER IS T60 HIGH') 043100 000

2035 FORMA+(/, FATAL ERROR, USERS STAB. METHOD IN SEGMENT',iS IN R 043110 e0
IEACH' S.' IS NOT EFFECTIVE AND STABILITY NUMBER IS TOO HIGH') 043120 000

2640 FORMA+ /," :** REMINDER 2*9s CONDITIONS IN SEGMENT',S,' IN REA 043130 000
ICH' IS,' REQUIRE USE OF HAND EXCAVATION RATHER THAN INPUT METHOD') 043140 e0

20s0 FORAAT(/,' FATAL ERROR, STABILITY NUMBER IN SEGMENT' iS ' IN REA 0431s 0000
1CM' .i5' REQUIRES GROUND STABILIZATION, BUT IT WAS SPECIFIED NO M 043160 000
2ETH6D fE USED') 043170 0000

3000 FORMAT(/,' FATAL ERROR STABILITY NUMBER IN SEGMENT',15, ' IN SH 043180 000
1AFT1'15.' IS TOO HIGH +0 ALLOW EXCAVATIONEUEN AFTER STABILIZATIO 043190 0000
aN') 043300 0000

3010 FORMATC/' **St REMINDER **** USE OF A STABILIZATION METHOD IN 043210 000
ISEGMENT'IS,' IN SHAFT'.IS,' IS NOT VERY EFFECTIVE, NO METHOD USE 043220 0000
3D') 043230 e0

3015 FORMAT(/.' *S3* REMINDER **I USER PREFERRED STABILIZATION METH 043240 000
IOD IN SE6MENT',IS,' IN SHAFT',I5,' IS NOT REQUIRED, METHOD NOT US 043250 0000
BED') 043260 000

3020 FORMAT(/,' 8*8* WARNING **u$ USERS STAB. METHOD IN SEGMENT',IS 043270 0000
I ' IN SHAFT',ISo' IS NOT ACCEPTABLE NOR REQUIRED, METHOD NOT USt 043a80 6e
3D') 043890 0000

3025 FORMAT(/,' I%% REMINDER *S8* USE OF STABILIZATION METHOD IN SEQ 043300 0e
IMENT',15,' IN SHAFT',IS,' IS NOT VERY EFFECTIVE, METHOD USED ANYU 043310 000
BAY') 043330 000

3030 FORMAT(/,' FATAL ERROR USERS STAB. METHOD IN SEGMENT' IS.' IN S 043330 0000
IHAFT' IS,' IS NOT ACCEPTABLE AND STABILITY NUMBER IS T60 HIGH') 043340 0000

3036 FORMA(/',' FATAL ERROR USERS STAB, METHOD IN SEGMENT' I5 IN S 0433S0 0000
IHAFT' I1,' IS NOT EFFE6TIUE AND STABILITY NUMBER IS TO0 HIGH') 043360 0000

3040 FORMA+(/,' XSS REMINDER sS* CONDITIONS IN SEGMENT' IS,' IN SHA 043370 000
IFT' IS,' REQUIRE USE OF HAND EXCAVATION RATHER THAN INPUT METHOD') 043386 00

30650 FORAATi/,' FATAL ERROR, STABILITY NUMBER IN SEGMENT' IS ' IN SHA 043390 00
IFT'Iis REQUIRES GROUND STABILIZATION, BUT IT WAS SPECIFIED NO M 043400 000
*ETH6D ii USED') 043410 606

C -------------------- -------------------------------------------- 043436 0000
C 043430 00O
C 043446 000
C 043450 0666

RETURN 0434S5
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END 043460 0004
SUBROUTINE STAItU(COHESNELAJG ELSURF ELUATR GAMMA,ISr4APEISHAPS, 043470 Sa0
1 ITVPE PHI SHRSTRSGMATSTAINA,EMSTAIT,GAAMAAGAA3.AMMAC,F, $43480 000
8 FSHAPS.E6XP) 04349e eoas

C ------------------------------------------- $435$e 000
C ------------------------------------------------------------------ e43S1 0006
C THIS SUBROUTINE COMPUTES THE INITIAL STABILITY NUMBER BASED ONLY 6435ee ea0e
C ON INPUT GROUND PARAMETERS AND ALSO COMPUTES IT :F STABIL!ZATION 04353e 000
C IS BY DEWATERING 043540 006
C - ---------------------------------------------------------------- 0 43550 ee
C - ------------------------------------------------------------------ 0 043560 ee

Ple3.14159 043570 000
SINPHI-SIH(PHISPI/180.) 043see ee
TANPHI-TAM(PHISPI/180.) 043590 0600

C CHECK WHETHER THIS IS THE SECOND COMPUTATION FOR THIS SEGMENT.IF 043600 o000
C SO,CAN BYPASS MOST OF THIS SUBROUTINE. 043610 000

IF('ISTADT.EO.2) GO TO 1150 043620 000
C COMPUTE STABILITY NUMBER FOR UNSTABILIZED GROUND 043630 0060
C CHECK FOR GUT ABOUE GROUND SURFACE 043640 0000

IF(ELUATR.GT.ELSURF) GO TO 1050 043650 0000
C CHECK FOR SEGMENT BELOW GUT 043660 000

IF(ELAVG.LT.ELUATR) GO TO 1010 043670 0800
C GUT IS BELOW SEGMENT 043680 0000

SIGGAH-SEGDEP$GAMMA 043690 0900
IF(SEGDEP.LE.2.*BE) GO TO 1000 043700 0000
GAMfAAoGAMMA 043710 000
GAMMAB-GAMMA 043?20 0000
GO TO 1100 043730 0000

1000 GAMMAC-GAMMA 043740 0000
GO TO 1100 043750 00

C SEGMENT IS BELOU GUT 043760 0e0
1010 DWATERELSURF-ELUATR 043770 000

SIGGAN.DUATER$GAIMA+(ELWATR-ELAUG)*(GAMMA-62.4) 043780 00
IF(SEGDEP.LE.2.SBE) GO TO 1030 043796 000
IF(DUATER.GT.2-SBE) GO TO 1020 043800 0600

C SEGMENT IS DEEPER THAN 2BE AND GUT IS UITHIN 23E OF GROUND SURFACE 043810 0000
GAMMAA-(GARMASDUATER+(GARMA-62.4)*(2.*BE-DUATER))/(2.*DE) 043820 000
GAMMABC-(GAMA-62.4) 043830 000
GO TO 1106 043840 0000

C SEGMENT AND GUT ARE BOTH DEEPER THAN 2BE 043850 0000
1920 GAMMAAoGAMRA 043960 0000

GAMMAB.CGAMMA$(DWATER-2.SBE)+(GAMrA-62.4) (ELWATR-ELAUG))/(SEGDEP- 043879 0000
1 2.*BE) 043880 0000
GO TO 11" 043890 0000

C SEGMENT IS WITHIN 29E OF GROUND SURFACE 043900 000
1036 GAMMAC-(GAMMAEDWATER+(GAMMA-6a.4 *(ELWATR-ELAUG) /SEGDEP 943916 009

GO TO 1100 043920 000
C GUT IS A3OUE GROUND SURFACE 043936 000

106 GAMMAA*GAMMA-6B.4 043940 000e
GAMMARS -GMA-62 .4 043950 099
GAMACeGAMMA-62.4 043960 0006
SIGGAH-SEGDEPSCGAMMA-68.4) 043976 060e
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C -------------- 043980 0000
lie PNIEOI.ATAN(COHESN/SIGGA TANPHI) 04399e else

PHIEG-PHIEORSI8S./Pl 044000 0eee
IF(PHIES.T.4.) PHIEQ=4S. 644010 000
ESTABLISH SEGMENT TYPE AND SHAPE FACTORS 044110 0800
IF(SfGDEP.LE..x1E) GO 20 1300 044130 0ees
F E1. E 044140 e00
FSHAPE.. A 044140 000e
IF(ITYPE.EQ.I) GO TO 1119 044150 ees

C SHT SEGMENT 044170 0000
F-0-.5 044080 0000
FSMAPE-G A 044290 sees
OO(ISHAPS.EQ-2) F-0.6 044100 000e
I1GISHAPS.E.2) FSMAPE-8.6 044110 000
GO TO 1350 044120 0000

C TUNNEL SEGMEN T 044130 08000
1til IG(ISHAPE.EG.3) 0SAPEo1.25 044240 e00e

GO TO 1GO7 04419 0000C -.. --------------------------------------------------------------. 44160 0000

C THE FOLLOwING UFIT WEIGHTS APG FOR STABILIZATION DEATERI G 044170 0000
1150 IG.SEGDEP.LE.S.3BE) GO TO 1160 044180 80e

GAMMAA-GASAP 044190 8000GAMMAI.GARMA 044200 DeeN
GO TO 1460 644310 sees1160 GAMMAC-GAMMA 044220 B00
GO TO 1350 044230 0000

C ------------------------------------------------------------------ 044240 0000
C SEGRENT IS DEEPER THAN 2BE 044350 0800
1300 SIf*AT-2..BE0GA AXF*(SEGDEP-2.*BE)*(e.34-PHIEGS*2./680e.)* 044360 e8e

C GARFATFSHAPE 044370 0000
C INCREASE SIGMAT IF GUT IS ABOVE GROUND AND SEGMENT NOT DEWATERED 044410 000

IF(MSTABT.EO.2, GO TO 1375 044420 0600
IF(ELWATR.GT.ELSURF) SIGMAT-SIGMAT.(ELUATR-ELSURF):62.4 044438 000

135 SIGMAI-G.BE*GAMMAACF+(SEGDEP-2.04E)4(4434-PHIEGS*2./690.)* 044310 00001 GARMABSFSHAPE 044320 0800
GO TO 1440 044330 0000

C SEGMENT IS NO DEEPER THAN 23E 044340 0000
1390 F-1.0 04435e 8000

IF(ITYPE.EQ.l) GO TO 1350 044360 0000
C- SHAFT SEGMENT 044370 0000

F-4.5 044380 8000IF(ISHAPS.EG.2) F-0.6 044390 0900
1351 SIGMAT-SEGDEP*GAMMA*F e44400 0060

C INCREASE SIGMAT IF GUT IS ABOVE GROUND AND SEGMENT NOT DEWATERED 044410 ele
IF(MSTAIT.EQ.2) GO TO 1375 044429 00e0
IF(ELWPITR.GT.ELSURF) SIGMAT-SIGMAT+(ELUATR-ELSURF)*62.4 044439 e000

137S SIGMAI-SEGDEP*GAMMACSF 044440 e00e
C ------------------------------------------------------------------ 044450 ee s
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C COMPUTE STABILITY NUMBER 044460 060
14W FRSTI.SIGMA1/'.*(I.-S!NPHI)STANPHI 644478 e@40

SHRSTROCOHESN+FRSTRN *44480 600
STAIN-SIGMAT/SHRSTR 644490 66e

C ................................................................. 044540 0600
RETURN 644S1 6000
END 044S96 000
SUBROUTINE AIRPRS(AIRPR ,D1 6ELAUG ELwATR TERROR ITYPEPHISHRSTR, 844S30 060
ISIGATSTAINM,STAI3OLO, REACHoNSHFT,NSSEG,hTSE6) 644S46 680

C ------------------------------------------------------------------ 644S 000
C - ------------------------------------------------------------------ 644566 66
C 044570 0608
C THIS SUBROUTINE DETERMINES THE AIR PRESSURE TO BE JSED FOR SOFT 044580 6660
C GROUND CONSTRUCTION IN COMPRESSED AIR 044590 6006
C 044600 0606
C ------------------------------------------------------------------ 644610 0666
C ------------------------------------------------------------------ 044620 oeae
C CHECK FOR GRANULAR MATERIAL BELO6 GUT. IF SO, AIR PRESSURE IS 044630 0000
C CONTROLLED BY WATER HEAD 644640 0006

IF(De.GT. .665 .AND.ELAVG.LT.ELUATR) AIRPR,.433X(ELWATR-ELAUG) 0446S6 000
IF(DO.GT. .665 .AND.ELAUG.LT.ELUATR) RETURN 044666 0000

C - ------------------------------------------------------------------ 4467e 0000
C AIR PRESSURE IS NOT CONTROLLED BY WATER HEAD. START BY COMPUTING 044680 000
C STABILITY NUMBER USING MINIMUM AIR PRESSURE OF 7 PSI. 044690 0000

AIRPR-7.0 044700 6006
STABNM-(SIGMAT-AIRPRI44.)/SHRSTR 044710 0000

C CHECK FOR STABILITY NUMBER DECREASE OF AT LEAST 1.0 044720 000
IF(STABNO-STABNM.GE.I.) O TO 11e 044730 0066

C DECREASE LESS THAN 1. COMPUTE AIR PRESURE FOR DECREASE* 1.0 044740 6060
AIRPR(SIGMAT-(STABNO-1.)*SHRSTR)/144. 04475 0006

C CHECK FOR AIR PRESSURE GREATER THAN 50 PSI 044760 066
IF(AIRPR.GT.S.) GO TO 1000 044770 0000

C AIR PRESSURE IS LESS THAN 50 PSI. CAN SEGMENT BE EXCAVATED 044780 0000
IF(STABNO-1. .LE.9o .AMD.PHI.LT.29. .OR.STABPO-1. .LE.7. .AND.PHI 644790 0oeo

I .GE.29.) GO TO 1050 644800 6000
C SEGMENT CANNOT BE EXCAVATED FOR STABILITY NUMBER DECREASE OF 1.0 044810 0006
C CAUSED BY APPLICATION OF AIR PRESSURE.OR DECREASE OF 1.0 REQUIRES 044820 6000
C AIR PRESSURE GREATER THAN 50 PSI. TRY 56 PSI 044830 6006
100 AIRPR-SO. 044840 006

STABNM(SIGMAT-AIRPROT44.)/SHRSTR 044850 0000
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C CHECK WHETHER SEGMENT CAN BE EXCAUATED JSING 60 PSI 64486 000g
IF(STRNM.LE.. ,AND. PHI.LT.29. ,OR.STAIMMLE.?. AND.P-41.GE.29.) 044870 0006
i go TO 1l0s 0448 eg.

C SEGMENT CANNOT BE EXCAVATED USING so PSI,MAXIMUM ALLOWABLE PRESS. 044890 eg.
IEEROR-1 044906 0066
IF(ITVPE.EG.1) WRITE¢LO, 2:0) NTSEGNREACH SA4910 0066
IF(ITYPE.EQ.2) WRITEtLO3 00) NSSEGNSHAFT 044920 eeg.
GO TO 1206 044930 0o

C SEGMENT CAN BE EXC USING AIR PRESSURE FOR STABNO DECREASE-1.0 044940 00
l0ss STARNM-STAINO-1. 044950 6666

GO TO 1ase 044960 0o
C - ---------------------------------------------------------------- 044970 6eee
C STABILITY NUMBER DECREASE BY AT LEAST 1.0 FOR 7 PSI AIR PRESSURE. 044980 069
C CAN SEGMENT BE EXCAVATED 044990 0066
1100 IF(STABNM.LE.. .AND.PHI.LT.29. .OR.STABNM.LE.7. .AND.PHI.GE.29.) 04500 0666

I GO TO 1240 04S610 0000
C SEGMENT CANNOT BE EXCAVATED FOR DECREASE.1.0 USING 7 PSI. COMPUTE 045020 0000
C AIR PRESSURE SO SEGMENT CAN BE EXCAVATED 04530 0000

SN-9. 04540 006
IF(PHI.GE.29.) SN-7. 045050 000
AIRPR,(SIGMAT-SNXSHRSTR)/144. 045960 0006

C CHECK FOR AIR PRESSURE GREATER THAN 50 PSI 045670 0e00
IF(AIRPR.GT.50.) GO TO 1150 045080 006

C AIR PRESSURE LESS THAN 56 PSI 64S96 0000
STABNM-SN 045100 0666
GO TO 1200 04S110 0000

C SEGMENT CANNOT BE EXCAVATED USING 56 PSI,MAXIMUM ALLOWABLE PRESS. 045120 000
1150 IERROR=1 045130 0000

IF(ITYPE.EG.1) URITE(LO,2066) NTSEG,NREACH 045140 000
IFCITYPE.EG.2) WRITECLO,36e6) NSSEG,NSHAFT 04510 000

1200 RETURN 045160 0666
C ------------------------------------------------------------------ 045170 G666
26o0 FORMAT(/" FATAL ERROR, SEGMENT',I5" IN REACH' I5,' CANNOT BE 045186 0666

IEXCAVATEb USING LESS THAN 50 PSI AIk PRESSURE 6RP STABILIZATION') 04S190 0000
3000 FORMAT(/' FATAL ERROR, SEGMENT',IS IN SHAFT,!S, CANNOT BE 6426e ee

lEXCAVATEb USING LESS THAN SO PSI AIA PRESSURE FOR 4TABILIZATION') 04S210 0000
C .........------------------------------------------- 6 4s22 000

RETURN 045225
END 04S230 006
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SylAOUTIN[ REACHD(A.3,CMP.SHAFT.TROATNTSMAX.SSMAX,PMAX,NSIAX, :4S340 0S0
N AX)04 45266

C ------------------------------------------------------------------ 046060 0000

C THIS SURROUT1INE DETERMINES THE BEGINNING SEGMEhT AND TOTAL 042s70 oSeo
C NUMBER OF SEGMENTS IN THE REACHES. 04S2l 000
C 04S390 0o0
C NI .......... LOCATION IN WA( ARRAY OF LEFT SEGMENT ZN A REACH 04s300 so$
C hi .......... LOCATION IN (A( ARRAI OF RIGHT SEGMENT it A REACH 045316 0000
C I ........... TUNNEL SEGMENT SEGUENCE NUMBER 045320 000
C .---------------------------------------------------------------- a45330 sew
C - ---------------------------------------------------------------- 0 046340 000

COMMON /BASIC/ NSS NTS 045350 0000
DIMENSION A(NTSMAX.S8),I(N$SMAX,43),CNP(PMAX,2),SHAFT NSrAX,23), 045360 000
I TRDATA~hTRMAX,23 045370 0000

C-----------------------------------------------------------------045380 0000
N1-1 045390 0000
I.0 045400 0oeo
IPReA(l 4) 045410 0000
NREACHiPR 045420 0e0
NPL.uA(,2) 045430 0000
NPR-A(L 32 045440 0000
STAMPL-6NP(NPL,13 045450 000STAMPR-CNP(NPRo) 045460 0000

STARLS (STAMNPL+STA4PR)/2. 045470 000
NSHAFT*TRDATA(NREAC, 1) 645480 0000
NPBS*SHAFT(NSHAFT,3) 045490 000
STANPB-CNP(NPBS,1) 045500 0sse

C----------------------------------------------------------------04510 e0e
10 101+2 04S52e 000

NREACH A(I 4) 045530 000f
IF(I.EQ.NTS+1) GO TO 200 045540 00e
IF(NREACH.NE.IPR) GO TO 200 045SS 0000
N2. 1 045560 0000
GO TO see 04ss70 000

c 045580 0000
200 IF(STAMLS.LT.STAPS) GO TO 25 045590 0000

NRSEGI 04S60 000
NSEGS'N2-hl41 045610 0000
GO TO 300 045620 000

256 NRSEGI'NB 045630 000
MSEGS,-(N2-NI+l) 04S640 0000

300 TRDATA IPR,S-NRSEG1 045650 ee
TRDATA(IPR 6)-NSEGS 04S660 0000
IF(I.EG.NTS+I) GO TO 600 045670 000

C----------- ------------------------------------------------------ 046680 800
NPL-A(I.2 045690 600r
NPR-A(I3) 045700 000STANPL.6HPcNPL.1) 04S716 06eo

C 845720 $000
STANPRCNP(NPR.) 645760 $00e
STAMLS (STANPL+STANPR)/. 45730 066
NSHAFT-TRDATA(NREACH, i) 045740 000
NPBS*SHAFT(NSHAFT.3) 04SS 000
STANPI-CNP(NPBS,I) 045760 066
IPR-REACH 64S770 060
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046780 *000
446790 4el0C $4$8|0 001e

Ce OMTIWA 34S$20 0098
C ------. - .--------------------------------------------------------- 946830 0eO0

RE TURN 046840 eOof
END 046860 09"
SUBROUTINE ADRATE (,|.CNP,S AFT,TRDATA,NTSMAXNSSMAX,MP9AX.SMAX, 045360 0ooe

$NTRMAX 845365

C 04SBge 9000
C THIS SUBROUTINE COMPUTES THE ULTIMATE HEADING ADVANCE RATE FOR 345900 eee
C SEGMENTS IN WHICH NONE WAS USER SPECIFIED AhD COMPUTES THE AVERAGE 94$910 0080
C ADVANCE RATE IN ALL SEGMENTS 045928 o000
C 345930 o080
C - ---------------------------------------------------------------- 04s940 0008
C - ---------------------------------------------------------------- 0 45950 ees

COMMON /DASIC/ NSS NTS 04596e 0000
DIMENSION A(NTSMAX,68),B(NSSMAX,43),CNP(NPMAX,2),SHAFT(NSMAX,23), 04976 800

I TRDATA(NTRMAX,23) 04s988 0e00
C - ---------------------------------------------------------------- 04599e 0000
C - ---------------------------------------------------------------- 0 46800 oees
C COMPUTE ADVANCE RATES IN TUNNEL SEGMENTS 846010 000

DO 400 HREACH-,NTRMAX 046020 000
IF(TRDATA(NREACH 1).LT.-IO.E29) ;0 TO 480 e4603e 0000
NRSEGl-TRDATAC NRACH 5) 046840 000
NSEGS.TRDATA(NREACH,L) 8468O0 see.
NSEGSA.IABS(NSEGS) 04606e 000

C INITIALIZE VALUES 846070 00
PINSARO. 04680 00
MEXP-O 046090 0008
DO 300 I-INSEGSA 046100 00

C NSEGUENCE NUMBER OF TUNNEL SEGMENT 046110 0800
IF(NSEGS.GT.0) N-MRSEG1+I-1 046120 0008
IF(NSEGS.LT.8) N-HRSEGI-I+I 046138 080
MEXoA(N,7) 046140 00
STAINO.A(N,30) 046150 000
EaB.71828 046160 0088
ARoA(N,8) 046170 800
TSEGL-A(N,45) 046180 000
IFCMEX.GT.5) GO TO 1008 046190 000

C CHECK FOR EXCAVATION IN DOWNHILL DIRECTION 046200 0080
C IF EXCAVATION IS DOWNHILL ULTIMATE ADVANCE RATE IS ONLY 98 PERCENT 046210 080
C OF ULTIMATE RATE FOR LEVEL OR UPHILL EXCAVATION 046220 000

SLA AF-1.0 046238 0000
NPL-A(A,2) 046240 0"S0
NPR-A(H,3) 046250 008
ELNPL@CNP(NPL.2) 046260 0000
ELNPRCNPNPR 3) 046278 000
SLOPE.(ELNPL-&LNPR)/(CNP(NPLo1)-CHP(NPR 1)) 84680 0000
IF(MSEGS.G.@ .AND. SLOPE.LT.. .OR. NSUGS.LT. .AD. SLOPE.GT.O.) 0468 9 8080
1 SLARF-o.9 046380 0008
IE-A(N,39) 046310 000
RS A(N,6) 046320 00o0
RODOACN 6) 046334 8000
GI=ACH.6) 046340 0000
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MITAlA(No31 0463S6 60
O0 TO 30 046360 6000

IN S UPPT-A(Nlf) 046370 6666
0 TO Is 646380 6006

30 RMEX.EQ."EXP) GO TO 10 046396 6ea
C THIS IS FIRST SEGMEN? IN REACH OR EXCAUATION METHOD HAS C4ANGED 046400 6066BIIS -0. 046410 0000

00 0o as $46400 ole0
t XCIATIOM IS SAME AS IN PREVIOUS SEGMENT 046430 00010 I NSARePINSAR-.*S 046440 0000
IF(BINSAR.LT.S.) BINSAR-6. 046456 0006

20 IF(AR.AT.6.) ARTULT-AR 046460 066
IF(AR.GT.G.) GO TO 100 646476 0600

C -------------------------------------- ------ 046480 6666
C AN ULTIMATE ADVANCE RATE HAS NOT BEEN SPECIFIED.MUST COMPUTE ONE 046496 0000
C COMPUTE SYSTEM ADVANCE RATES IN FEET/24 HOURS 046560 008
C CHECK FOR METHOD OF EXCAVATION 046S1 0000
1026 IF(MEX.GT.5) GO TO 1160 646S20 0666

C THIS IS NOT CUT AND COVER 048530 00e0
ISHAPE-TRDATA(HREACH.3) 046546 0606
IF(MEX.NE.Z.AND.REX.hE.3) GO TO 50 046550 000
IF(MEX.EQ.2) GO TO IS$ 046 56 0000

C --------------------------------------------- 046570 0066
C MOLE IN SOFT GROUND 046590 0000

ARTULT-(2.S(ST9NO-7.)**2 +1.)/1e06o.*6(9.-BE)*93.*SLARF 046590 0006
GO TO 1106 046660 0000

C MOLE IN ROCK 046610 0060
C ADVANCE RATE EQUATION NOT GOOD FOR ROCK STRENGTH BELOU 3060 PSI 046620 000

150 IF(RS.LT.3000.) RS,3806. 046630 0060ARTULT,(1060060./(BEZRS))C(.G+.4*SIN(3.141SS(ROD/?S.+1.167))) 046640 0066
lg(GI+ISe.)/(S.G+*150.)ZSLARF 046660 0080
GO TO 116 046660 066

C------------------------------------------ 046670 0000C CONVENTIONAL EXCAVATION IN ROCK OR HAND OR RIPPER EXC IN SOFT GRND 046680 000
SO IF(ISHAPE.EG.1) SFA-0.78S 046690 0000

IFCISHAPE.Eg.2) SFA-8.893 046700 6660
IF(ISHAPE.EG.3) SFAs-.42E 046716 060
IFCMEX.EQ.1) ARTULT*(.8DBES*a.25)RQD+1eoo.)S((GI+ISO.)/ 046720 000

I (6.0GI*1506.))/(SFA23E:$1.5:E**c.035*1E)E(1.+.0eERS/1eee.))$ 646730 000
9 SLARF*(1.-RGDl(BE-I6.)/6066.1 046740 000
ZFCMEX.EG.I) GO TO 1206 046756 0000
IF(MEX.EQ.4) ARTULT-(0.3*(STANO-10.)**2 41.)/166S66.Z 046760 0000

I (CO.-3E)9s3.SSLARFbe.7B5/SFA 0467?0 060
IF(MEX.EQ.S) ARTULT,(1.4*CSTABNO-7.S)ZXa 0.)'1606e.* 646780 0600

I (SO.-8E)5S3.*SLARF6.78S/SFA 046796 eesIF(ISHAPE.NE.3) GO TO 1100 046800 600
C - -------------------------------------------- 46816 000C SHAPE IS BASKETHANDLE. CHECK FOR COMPUTED ADVANCE RATE GREATER 046826 006
C THAN FOR CIRCLE OF SAME BE FOR STABILITY NUMBER - 6. IF GREATER, 046830 600C SET ARTULT FOR BASKETHANDLE EQUAL TO MAXIMUM RATE FOR CIRCLE. 046840 00

IF(MEX.EQ.4) ARTS.G6631*(BO.-IE)g13.*SLARF 0463S 00
IF(MEX.EO.S) ART*O.6007975(O6.-IE)**3.*SLARF 646866 060
IF(CARTULT.GT.ART) ARTULT-ART 646870 0066c ... .. .. .. .. .. .. ... .. .. .. .. .. .. 046880 0800

0 CHECK FOR SOFT GROUND FACE STABILIZATION BY GROUND INJECTIONS 046890 N666110 IF(MSTAR.NE.3) GO TO 1866 64690 0066
C GROUHD INJECTIONS ARE USED.CHECK FOR APPLICATION FROM INSIDE SEQ. 046916 0600

NPL$@A(N,17) 04690 000
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ELNPLS-CNP(NPLS,2) 046940 Oooe

[IOU'CMPc(MPS a) 
0469680 0000

ELAO (ELNPLS+ELNPRS)/a. 046960 0050,(LNL+LNR/a. 046970 ee00

SE4DEP-ELSURF-ELAVG 046980 000
IF(ISHAPE.NE.3) GO TO 1120 046990 .00
IFcSEGDEP-E/4. .GT.50.) GO TO 1150 047000 0000
GO TO 1800 047010 0000

1186 IF(SEGDEP-E/2. .GT.S8.) GO TO 1150 047020 000
(O TO ieee 047030 0000

C GROUMD INJECTIONS ARE MADE FROn WITHIN SEGMENT AND SLOWS ADVANCE 047040 00
1150 ARTULT-IOO./(100.ARTULT)EARTULT 647050 0000

GO TO 1200 047060 0000
c - -------------------------------------------- 047070 000
C CUT AND COVER 047080 0000
1160 SIDESLA(N S3) 047090 0000

IF(SIDESL.6 T.0.) GO TO 1180 047100 0000
C VERTICAL CUT 047110 0000

IFCISUPPT.EO.S) ARTULT-1S.,7.*ATAN(3.-STA8NO) 047120 0000
IF(ISUPPT.EQ.6) ARTULT,18.+S.*ATAN(4.-STABNO) 047130 0000
GO TO 1200 047140 0000

C SLOPING CUT 04715 0000
1130 DTRNCH-A(N 52) 047160 0000

ARTULT-150M./(SIDESL9(20.+DTRNCH)+300.) 047170 0000
C CONVERT COMPUTED ADVANCE RATES TO FEET/HOURS WORKED. INPUT RATES 047186 0000
C ARE ALREADY IN FEET/HOURS WORKED 047190 0000
1200 HOURS-TRDATA(NREACH.8) 047200 0000

SHIFTS-1 047210 000
IF(HOURS.GE.12.) SHIFTS-8. 047220 0000
IF(HOURS.GE.21.) SHIFTS-3. 047236 0000
EFFAC-i. 047240 0000
IF(HOURS/SHIFTS.GT.S.) EFFAC,1.0-0.01*(HOURS/SHIFTS-8.):*2. 047250 0000
ARTULT-ARTULTSEFFACSHOURS/24. 047260 0000

C -------------------------------------------- 047270 0000
100 IF(TSEGL.LE.2S.S(I.-3INSARU22.):ARTULT) GO TO 120 047280 0000

C ULTIMATE ADVANCE RATE IS ATTAINED 047290 000
ARFAC-TSEGL/(2S.*(I.-DIMSAR)**2 *ARTULT+TSEGL) 047300 000
PINSAR-1.0 047310 6000
GO TO 240 047320 00

C ULTIMATE ADVANCE RATE NEVER ATTAINEDSEGMENT TOO SHORT 047330 0000
180 ARFAC .SX(BINSAR+SGRT(8INSAR*32.+.04sTSEGL/ARTULT)) 047340 0000

PINSARSGRT(CINSARIE2.+.4ETSEGL/ARTULT) 047350 000
a40 MEXPMEX 047360 0000

C COMPUTE AND STORE AVERAGE ADVANCE RATE FOR EACH SEGMENT 047370 0000
ACN,49) ARTULT 047380 0000

300 A(M e)-ARTULTgARFAC 047390 0000
400 CONTINUE 047400 0000

C - ---------------------------------------------------------------- 047410 0ee
C - ---------------------------------------------------------------- 047420 0000
C COMPUTE ADVANCE RATES IN SHAFT SEGMENTS 047430 0000

DO 300 NSHAFT-1,NSMAX 047440 0000
IF(SHAFT(NSHAFT,1..E.-10.Ea9) GO TO 800 047450 0000

C IF THE SHAFT IS A PORTAL, SKIP ADVANCE RATE COMPUTATIONS 047460 0000
NPORTSHAFT(NSHAFT 23) 047470 000
ZF(MPORT.EO.I) GO TO 800 047480 0006
M9SEGI-SlAFT(NSHAFT,1) 047490 e000
NSEGS-SHAFT(NSHAFT.4) 047500 0000

(Continued)

A105



( OSI IN I. i st i w0 (Cowi i ni-d'

C INITIALIZE VALUES *47SI 0OW0PKANsO-. 647sas fosem 047530 0000

DIX70 I-1,NSEGS 047540 060
C Ne.UOUENCE NUMBER OF SHAFT SEGMENT 0475S 0056

H-'-l eSSEGi 047569 000
mEx.w3C 7) 647570 fee
SSEGL-|5N,3S) 04753 @000

C CHECK FOR SHAFT CONSTRUCTED IN CUT AND COVER 647990 066
IF(:[X.EQ.S) ARSUL-. 047606 0066
IF(IEX.EO.6) GO TO 706 @47616 00
STAINOND(No24) 047626 066

C DeDPTH TO MIDPOINT OF SHAFT SEGMENT 0476 000
D-D(N,36) 047646 0006
AR88(N,) 0476S 000
ROD-3CN 6) 047666 000
OZ.iN.9) 047670 0000

C FU IS AN INFLOU ADVANCE RATE FACTOR-1.8 IN DRY SHAFTS,.S IN WET 047636 000
IF(GI.LT.1.) GO TO 446 047690 0000

C SHAFT IS WET 047760 00
FW.e5 047710 0066
GO TO 450 047726 ee

C SHAFT IS DRY 047730 0066
440 FU-1.0 047740 0006
4S 2E-B(N,29) 647750 0006

RS-BCN,S) 047766 6060
IF(MEX.EO.MEXP) GO TO 410 047776 066

C THIS IS FIRST SEGMENT IN SHAFT OR EXCAVATION METHOD HAS CHANGED 047780 0000
DINSAR-. 647790 0000
GO TO 426 04?8060 666

C EXCAVATION IS SAME AS IN PREVIOUS SEGMENT 047816 0006
410 DINSARePINSAR-.05 047820 00

IF(DINSAR.LT.6.) BINSAR-6. 047830 0666
428 IFCAR.GT.O.) ARSULT-AR 047840 0666

IF(AR.GT.0.) GO TO 506 647850 0009
C -------------------------------------------- 047866 0006
C AN ULTIMATE ADVANCE RATE HAS NOT BEEN SPECIFIEDMUST COMPUTE ONE 047870 0000
C COMPUTE SYSTEM ADVANCE RATES IN FEET/24 HOURS 047880 000
C CHECK FOR METHOD OF EXCAVATION 647890 000

IF(MEX.EG.1 .OR. MEX.EO.4) GO TO 619 9A7900 0000
IF(MEX.EQ.3) GO TO 1660 047916 600

S -------------------------------------------- 047920 0066
C MOLE IN ROCK 047930 0006
C ADVANCE RATE EfUATION NOT GOOD FOR ROCK STRENGTH BELOU 360 PSI 047940 000

IFCRS.LT.3660., So3@0S. 647956 000
ARSULT-(S6OOe0/CUESRS))*C.5,RD/20.)*FW 047960 0000
GO TO 1656 047970 0060

C MOLE IN SOFT GROUND 047980 6606
C --------------------------------------------- 047990 0000
160 ARSULT.(25.-4.*STA3NO)ScI.-D/6808.) 04866 000

GO TO 160 043010 600
C CONVENTIONAL EXCAVATION IN ROCK OR HAND EXCAVATION IN SOFT GROUND 043026 0006
1610 IFCMEX.EG.4) 00 TO 1626 043036 006
C CONVENTIONAL EXCAVATION IN ROCK 048040 006

ARSULT-.OSZFU*(ROD10 .)(1.-D/6006.) 64300 00S0
0O TO 166 64380 00

C HAND EXCAVATION IN SOFT GROUND 048070 005
16O ISHAPS@SHAFT(NSHAFT, 1) 648080 606
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IF(ISHAPS.EC.1) SFAmO.716 e41ge $see
IF(ZSiAPS.EO.a) SFAmI.0 048100 *00
ARSULT-ClS.-STA3NOS(1.-D/60SO.)$0.7S/SFA $48110 ooo

C .................................... - ---- 0 43 12 0 * o 0
C CHECK FOR SOFT GROUND FACE STABILIZATION BY GROUND INJECTIONS 0482130 0606

1650 IF(PSTAB.EO.3) GO TO 1660 64140 ese
Go TO 1700 0481S0 6600

C GROUND INJECTIONS ARE USED.CHECK FOR APPLICATION FROM INSIDE SEG. 048160 000e
16" IF(D.LE.290.) GO TO 1700 048176 6000

C GROUND INJECTIONS ARE MADE FROM WITHIN SEGMENT AND SLOWS AD.ANCE 048180 e00
ARSULTIO./(106.*ARSULT)SARSULT 048190 000

C CONVERT COMPUTED ADVANCE RATES TO FEET/HOURS WORKED. INPUT RATES e482,0 0000
C ARE ALREADY IN FEET/HOURS WORKED 048210 0000
1700 HOURS.SHAFTCNSHAFT 17) 048228 0008

ARSULT.ARSULTSHOURg/24. 048230 0008
C---------------------------------------------- 48246 0006
SOO IF(SSEGL.LE.25.*(1.-BINSAR* 2.)*ARSULT) GO TO 528 048250 0000

C ULTIMATE ADVANCE RATE IS ATTAINED 048260 Oee
ARFAC-SSEGL/(2S.2(1.-lINSAR)*Z2 *ARSULT+SSEGL) 048270 0000
PINSAR,1.0 048280 0000
GO TO 640 048290 0000

C ULTIMATE ADVANCE RATE NEVER ATTAINED,SEGMENT TOO SHORT 048380 000
S28 ARFAC*.Sz(BINSAR+SGRT(INSAR*g2.+.4SSEGL/ARSULT)) 048310 0e

PINSAR.SORT(BINSARSS2.+.04SSEGL/ARSULT) 048320 00e0
640 MEXP-MEX 048330 0000

C COMPUTE AND STORE AVERAGE ADVANCE RATE FOR EACH SEGMENT 048340 0000
B(N,3g)-ARSULT 049350 0000

76 B(N 8)-ARSULTSARFAC 048360 0000
a00 CONTINUE 848370 0008

C- ------------------------------------------------------------------046380 000
RETURN 048390 000e
END 048400 0000
SUBROUTINE CONSTM (A,B,CNP,SHAFT,TRDATA,NTSMAXNSSMAX,HPMAX,NSMAX, 048410 000
lNTRMAX) 049415

C ------ ------------------------------------------------------------ 049420 0008
C ------------------------------------------------------------------ 048430 000
C THIS SUBROUTINE CALCULATES SEGMENT CONSTRUCTION TIMES INCLUDING 048440 0000
C TIME FOR LINING 848450 0000
C ------------------------------------------------------------------ 048460 0000
C ------------------------------------------------------------------ 048478 eee

COMMON /BASIC/ NSSNTS 04848e 0060
DIMENSION A(NT i X,68),BNSSMAX,43),CNP(NP8AX,2),SHAFNSR ×,83), 048490 0000

I TRDATA(NTRMAX,231 648500 0e0
C ----- -------------------------------------------------------------- 48510 0000
C 049s2 0000
C CALCULATE CONSTRUCTION TIME FOR TUNNEL SEGMENTS 648S30 0000

DO 60 t1.NTS 049540 000
C NEXT LINE SETS VERY HIGH LINING ADVANCE RATE FOR UNLINED AND 04850 0000
C SHOTCRETED TUNNEL SEGMENTS WHICH RESULTS IN PRACTICALLY ZERO 048560 0000
C CONSTRUCTION TIME IN THESE SEGMENTS. TIME FOR SHOTCRETrNG IS ZERO 648S74 600
C BECAUSE IT IS PLACED IMMEDIATELY AFTER EXCAVATION 648580 0060

ALto.E36 648S90 0000
NTSTVP.A(I,161 648600 0000
NREACHwACI 4) 048610 800
HOURS.TRDA+A(NREACH 8) 04868 0000
DAYS.TRDATA(NREACH.) 648630 000
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IF (NTSTYP.GT.1) GO TO 46 048646 60NING-A(I14) 

$486S6 ee06

FLININ4.0-.) AL-3SHOURS 041669 00
40 ARAEI 3) *4167* 000e

T9 Gk-A( I46) 048685 0lse
50 A(I,5*)- CSEGL/ARTSECL/AL)*7./DAYS 048696 6o

C ;....---.....----------------.............- 648760 ease
C CALCULATE CONSTRUCTION TIRE FOR SHAFT SEGMENTS 048718 0004

DO d 11 iNSS 648729 0699
C NEXT LINE SETS VERY HIGH LINING ADVANCE RATE FOR UNLINED AND 648730 000
C S1OTCRETED SHAFT SEGMENTS UHICH RESULTS IN PRACTICALLY ZERO 043745 85o5
C CONSTRUCTION TIME IN THESE SEGMEmTS. TIME FOR SHOTCRETING IS ZERO 048755 e00
C BECAUSE IT 1S PLACED IMMEDIATELY AFTER EXCAVATION 048760 6660

AL-16.E35 043770 ees
NSSTYP-2.31.S) 048780 0060
NSHAFT:BC1 1) 948790 esse
ISHAPSSHAfT(NSHAFT. 16) 04880 60
14OURS*SHAFTCNSHAFT, 17) 848810 60
DAYS-SHAFT(NSHAFT 18) 648820 e000
IF (NSSTYP.GT.1) 60 TO 80 649836 80
LINING-C(I 10) 048840 000
IF(LINING.EO.1) AL-2.$HOURS 648856 6000

so AR;BCI 8) 848860 sees
SSEGL bU.,3S) 648870 00

C NO CONSTRUCTION TIME FOR CUT AND COVER OR DUMMY SHAFT e48380 006
IF(NSSTYP.EG.3.OR.ISHAPS.EG.S) AR-21.E36 048890 ee

1ee 3(1,4). (SSEGL/AR+SSEGL/AL)37./DAYS 64898 660
C - --------------------------------------------------------------- 6- 0489Le 00

RETURN 648920 6000
END 643930 0600
SUBROUTINE PUMPHT (A,B,CNP.SHAFT,TRDATANTSMAX.NSSMAX,NPMAX,NSMAX, 948940 0060
INTRMAX) 648945

C- ---------------------------------------------------------------- 043956 006
C- ------------------------------------------------------------------048960 000e
C THIS SUBROUTINE COMPUTES PUMPING HEIGHTS FOR TUNNEL SEGMENTS 648970 600
C ------------------------------------------------------------------- 48986 e6e
C - ---------------------------------------------------------------- 6 43996 600

COMMON /3ASICI NSS HTS 04900 0e6
DIMENSION 6(N4S961X,66),6(NSSMAX,43),CNP(NPMAX,2),$HAFTCNSMAXa3), 049010 00
I TRDATACNTRMAX,a3) 549520 006

C-- --------------------------------------------------------------- 049030 6ag6
DO 296 Im1,NTS $49040 ee
NREACH-A(I,4) 6490 e0e6
NTSTYP-A(I 16) 54906 0eesIF(NTSTVP.LG.3) GO TO 100 049670 6o

C ROCK OR SOFT GROUND 04908 ease
C COMPUTE PUMPING HEIGHTS. PUMPING HEIGHT EQUALS SHAFT DEPTH OR *49090 0666C DIFFERENCE IN ELEVATION FROM TOP OF SHAFT TO MIDPOINT OF TUNNEL 049100 eae
C SEGMENT, WHICHEVER IS GREATER 04911e 5eeNSHAFT.*TRDATA(HREACH,1) 04910 ee

NPTS*SHAFTCNSHAFT,B) 049130 2)09

ELTSoCNPCNPTS.8) 649136 0560
P L-A(I649146 6606NPL:Ce(I,3) 649160 5066NPL- P C 3) 949176 eee

ELPRCNPP.)49180 e0oELNPR.CMPNPR 

) 

91 
$ e

ELE ATIOIAT A2IDPOINT OF TUNNEL SEGMENT 049190 6e0
ELAUGCELNPL.ELNPR)/a. e42ees ees

(Cont inued)
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C SET N EQUAL TO MUCK HOISTING NEIGH?(SNAFT DEPTH) ~ 0492a0 0000
NN.SHAFI( NS9AFT,S) 649230 t066
IF(HH.r 0(.H HH 49140 600
G0 To 05 49a50 0600

C CUT AMID COVER 649160 000
166D10a~1 19) 649276 666,
IFCDIS.R..600) PH*# 949290 6000
IFCDO.L[.*.665) GO TO 16 649290 00
ELROC~oA(I.a7) 649366 0660
IWATER-A(I 13) 0493:0 0000
ELIMP-A(I 14) 434es
tPLS-A(1,17) 649330 00
NPRSGA( 1,18) 649346 800
EUIPLSoCNP(hP.S,2) 649356 6660
ELNPRS@CNP(NPRS 2) 049366 0000
ELSURFo(ELNPLS4LNtPRS )/B. 049370 0006
DROCK .ELSURF-ELROCK 049386 000
DTRNCM@A(IS2) 649396 000s
MEXwA(I 7) 049406 0600
ISUPPT*4( 1.26) 649410 0e6
ELWATR-A(I,14) 649420 6660
DSLURY-ACI 38) 049430 00

C PH-THE SMALLER OF (ELSURF-ELIMP) AND DTRNCH, EXCEPT FOR SUMP 049446 0090
C PUMPING, FOR WHICH PH&DTRNCH 649450 000

IFCDTRNCH.GE.ELSURF-ELIMP) PHwELSURF-ELIMP 049460 0006

IF(IWATER.EO.6 .OR. ISUPPT.EG.S .AND. DROCIC.LT.DTANCH)PH*DTRICH 049486 0000

IF (ELUATA .LT .ELSURF-DTRNCH) PHAO 049500 00
C STORE PUMPING HEIGHT 049510 0900

866 CONfINUE 04958 060

EMD 04969 ea00
SUBROUTINE PUMPRT (A,3,CNPSHAVT,TRDATA,NTS"AX.NSSMAXNPMAX,NSMAX, 049570 000
INTRMAX) 049575

C AMD SHAFTS. 049610 ea

COMMON lSC S T 46000

ITRDATA(NTRMAX.23) 46000
C *w*E2**:sg:s:gsz:**gg*:g***gg*:0gs 49696 6060
C TUNNELS 47000

DO 400 NREACH.1.NTRMAX 0497306046
IF(TRDAACNOEACH 00L.16E9 G TO 406 6497406 0046
NRSEG1'TRDATA(NRfACH 5) 049756 60446
NSEGSwTRDATA CNREAC'4. ) 649766 0606
NSEGSASIABSCN6EQS) 049776 00

(Continued)
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C NATILIZE VALUES *49'3g 0666LTel.

TUIES.# *4979g feet0Z-.0 049804 $009
049816 Sfe
04980 000DO R41 olet NSEGSA 64983 "toN*$GUENCE NUADER OF TUNNEL SEGMENT 049346 $a*$IFCNEGS.GT.0) Ho6NRSEG1+I-1 0493S6 0000IF(NSEGS.LT.) N*NRSEGI-I+1 049860 000NTSTYP-A(N 16) 
44;76 000PERk-A(N 8S) 64933) 6666Dto.-( .19) 84980 0000

I.JATER.AN 23) 049890 eee
MSTAR-((A.51) 649916 6666
#E-A(N,39) 04991 6866
ELROCK.(AN,27 049920 6000
MEXDA(N,7) 04993 eeee
ELUATRA(N,14) 049946 0666
NPLA(N,2) 049950 6606

MPR-AN.3)049960 0000NPR-A(N,3 
697666

ELNPL-CNP(NPL,2) 049980 6666
ELNPR.CNP(PR 2) 04998 6666
ELAVG-(ELNPL+tLMPR)/2. 04999 e 06
IF(NTSTYP.EO.3) GO TO 200 560 e s6e

C ----------------------------------------------------------------- 6s64e 6C ROCK ; ' .... .... .... .... .... .... .... ... es ee2 0000

C HEADING INFLOW AND RESIDUAL FLOW IN TUNNELS 666sese 66GI-AhN,9) 
65666 06ELBOTM-ELAUG-RE/,. 
656076 see656636 6666ISHAPE-TRDATA(NREACH3)esseee

IF(ISHAPE.EG.3) ELBOfM-ELAVG-SE/4. 850090 eesC IF GROUNDWATER BELOW TUNNEL, GI - 6 850160 Sos6IF(ELUATR.LT.EL3OTM) GIo. 6ele 6eeIF(NTSTYP.EG.a) GO TO 146 656126 6666C ROCK TUNNELS 
050130 6666C ESTABLISH RESIDUAL INFLOW(PH/FT) AND INFLOW AT FACE FOR PUMPING 056149 60C IN GPM esese 66IF(GI.GE.104.) GO TO 135 656160 6666GIR@0.990610 
056170 600GIF-GI 
650130 eesGO TO 1SS 
056190 6666135 GIR-0.1 
056260 6e6GIFmlee. 
656216 eeGO TO ISS 
esa2 000C SOFT GROUND TUNNELS 
056236 6666140 GIFGI 
s6240 00GIR-. 
6S6256 6oIS1 A(m 60).GIR 
0eS @toRFLRT 
66274 eseeTSEGL-A(N 46) 6sees3 606FLRT,.S*6 1R*TSEGL 
65080 66eeC AUERAGE FLOW TO BE PUMPED AND CHARGED TO NTH SEGMENT 650360 00FLOhIZ+R+FLRT+OIF 
6314 06A(N,59)-FLOW 
050320 066
066330 e06oC THE FOLLOWING WILL DETERMINE THE LENGTH OF PIPE REQUIRED 650340 O66C FOR THE SEGMENT WHEN PUMPING UPHILL. IT IS ASSUMED THAT NO PIPE 60350 66006

(Continued)
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c IfORIQYRED WHEN THE THE WATER MAYi RUN DOWN THE SEGMqENT IN Tk~E 060360 06
C DIRECTON OF THE EXIT SHAFT. W5378 0890

NPLuAMR)l 650336 0666
NPASA(m 3 )06390 606
ELEVD&C I(NPR 2)-CMP(NPL 2) 05*400 000.

C SLOPE IS POSIfIE WHEN UAHIL. IN THE DIRECTION OF hEADING ADtANCE @S6410 0006
C S5e SIGN OF THE SLOPE(ACTUAL VALUE IS IMMATERIAL) 06'2@ *S*O

SS-ELEVDIHSEGS 650430 0600
C ESTABLISH THE PIPE LENGTH REQUIRED 060446 060

PIPE*@.@ 056456 0900
IF(SS.LT.0) PIPE..5TSEGL 0564606006

C DETERMINE THE CUMqULATIVE PIPE LENGTH4S REQUIRED *50478 se06
ACH !8).ZZ+TUDE-PIPE 656480 606
TUBf PIPE 0496 000e
ZZ.A(N 58) 856566 6666
IF (NTS+YP.EO.2) GO TO 160 050510 e606

C ROCK TUNNELS 050526 00ee
GO TO 366 656530 000e

C 050540 00
C asesse 0000
C DEWATERING FOR SOFT GROUND TUNN~ELS 056566 00ee

166 IF(MSTAD.NE.2 .OR.ABS(PERM).LE. 0.0006) GO TO 250 056578 00
HEADV-10 6ose 0ee.
ELIMP.A(14 24) 050590 0006

C IF DEUATEAING METHOD USED WATER TABLE ABOVE IMPERVIOUS LAYER, AND 050606 000
C WATER TABLE ABOVE ELAVG. +H~EM SET FOLLOWING VALUES 056616 0060

IF(ELIMP.GE.ELBOTM) DRA6DN.ELUATR-ELIMP 650620 0000
IFCELIMP.LT.ELBOTM1 DRAUDN.ELWATR-ELBOTM 050630 0000
DIMP-ELDOTI9-ELI NP 06640 000
GO TO 216 650656 6600

C-----------------------------------------------------------------------05S0666 0000
C CUT AND COVER DEUATERING 050679 0660
C-----------------------------------------------------------------------0950688 006
200 NPLS.ACN.17) 0569 060

NPRS.ACN, 18) 050766 0069
ELMPLS-CHP( NPLS. 2) 656710 0060
ELNPRS*CNP(NPRS 2) 056720 sees
ELSURF * CELNPLS4.tLNPRS )/2. 056736 000
IF(D16.LE.S.605) GO TO 250 056740 0000
ELIMP*ACN 24) 656750 00
DTRNCH*ACN,S2) 90760 000
ISUPPT*A(N 26) 056770 9000
PERM-ABS(PtRN) 656786 060
IF(ISUPPT.NE.6 .OR. IWATER.EQ.H) GO TO 265 656796 00

C CHECK FOR SLURRY WALL PENETRATING IMPERVIOUS LAYER 0568800666
DSLURY*ACN 33) 650316 0666
IF(DSLURY.6E.ELSURF-ELIMiP.OR.DSLURY~.GE.ELSURF-ELROCK) GO TO 256 050320 6060

265 HEADVe-7.2(ALOG0(PER )+l. ) 06830 066
IFCHEADW.GT.21.) HEADIU.21. 056346 *666
IFCHEADU.LT.6.0) HEADQ-0. 656350 6$n6

C HEADV.6 FOR SUMP PUMiPING 6S6366 0606
IFC IWATER.EO.6 .OR. ISUPPT.EQ.5.AND.ELROCK .GT.ELSURF-DTRNCH )HEADV-6 656376 0660
DRAUDNvDTRNCH-(ELSURF-ELUATR) esss 606s
DIPm~ELSURF-EL IMP-DTRNCH *5t396 6606
IF(DI14P.LT.S.0) DRAWDN.ELWATR-ELIMP Osage* on0e

at@ IF(DIPPLT.9.) DIMP.6 656916 0060
C DEWATERING IS NOT NEEDED IF GROUNDWATER BELOW BOTTOM OF EXC. 66926 6600

I7(D)RAWD#4.LE.S.) GO TO as$ 656936 0004



iCA.DRUDND NP44EAiJ050940 eas.

FLOUDU.O.?52cS.?3+S.ag(EAD-DIr'P)/HEAD )3(HEADZ*2-DZPPS) siegee @see
l/(HfAD-S6RT(HEADDIMP )SPERM 050970 Soo$
IF(IbIATER.EQO) 0O TO 21S 059389 ease

C 1S 17T SOLDIER PILE WITH4 LAGGING AND ROCK LINE ABOVE TRENC14 BOTTOK 069996 0000
IF(ISUPPT.NE.S) Go TO alS *6100* ea00
IF(ELRtOCK.GT.ELSURV-DTRMCH) GO TO 240 051910 00es

C WELL CAPACITY AND NUMBER OF WELLS 0sloe* e000
a16 IF(FLOWUW.LE.S.7) GO TO 220 051030 40OS

IF(FLOWJDW.T.404.) GO TO 230 051645 0090
FLOUL.15.*FLOWDU31l .8 051550 e0s0
WELLSP-1S.*FLOUDWSIO.2 05106e *es
GO TO 23S O5lo7@ $0ee

N20 FLOQL-10 051580 00s0

GO TO 83S 051150 0000
230 FLOWL-2SOOS 051110 ese

WELLSP*20000FLOWD1  051120 0080
835 WELLS*2. ,UELLSP 051130 0000

00 TO 280 051140 9 00
C STORE FLOW FROM SUM'P PUMPS HsIMs 0000

240 A(N 61).FtOUW2. 851160 ooe
UELLS.0 051170 0e00
A(N 68)*UJELLS 051180 0000
GO +0300 051190 0000

a50 FLOWL-4 051200 0000
WELLS-0 051210 00

C STORE WELL CAPACITY AND NUMBER OF WELLS PER FT OF TUNNEL 051220 000
260 A(N,61)*FLOWL 051230 OSS0

A(N 68)*WELLS052000
3" CON*INUE 051240 8000
400 CONTINUE 051264 0000

C 051270 OSS0

C SHAFTS-- DEWATERING ONLY 051290 0000
C :fOSsnus*:3~ssgzuzgu~zznzzuu01300 00500

OS01310 fees
DO 700 NSHAFT-1,NSMAX 051380 0000
1F(SMAFTuNSI4AFT,1.-LT.-1O.E2g, GO TO 700 051330 0000
NSSEQ1-SHAFT(NS4AFT,l I 'S01340 000
NSEGS&SHAFT(NSHAFT.4) 051350 BOsS
DO 600 1-1.,NSEGS 051360 00s0
M*NSSEGI+I-l 051370 000
NSSTYP.B(N 15) 051380 0000
PERP!.B(h,25) 051390 000
MSTA1&1(h,2S) 0S1400 0000
MEX'BCN 7) 651410 000
BE*B(N W9 051420 000*
IF(NSSiVP.NE.2) GO TO 550 091430 000

C SOFT GROUND SHAFTS 051440 000
IF(MSTAB.NE.2 -OR. ABS(PERM).LE. 0.6006) GO TO 590 0S1450 00
EtWATI(M,13) 051460 0000
hPB*t(ND4 051470 00
ELNPI.C,,NPP32) 051480 0000

C DEWATERING NO* NEEDED IF GROUNDWATER BELOW BOTTOM OF SHAFT SEGMENT 051490 806
IF(CELATR.LE.ELNPS 00 TO SG 051500 0600
MPS&SHAFT (NSNAFT.2) 051510 000
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£LSURF@CMPCNPTS,a) 651520 seat.
ISHAPSmSHAFT( NSHAFT. 16) 061530 se

ImpffiscN'as) 061540 seat
WA Dhi.ELWATr-CLhP2 *51550 ese
DIMPwELNP9-ELIMP OSL50 seeee
HgAD-DRAWDN+DIMP 061576 ease
PERM-A3S(PERM) 8SISUS *5*O
FLOUDU.@.7SS(0.73+..7g(HEAD-DIMP )/HEADIg(HEAD*32-DIPXNZ) *51590 etg.
1,(HEAD-SORT(HEAD*DIMP) )*PERM esise sees
UCLLSw3 @61616 S0so
SFP@3.14 06162, 060
IF(ISI4APS.EG.Z) SFP-4 061630 080
WELLSP-SFPX:BE*2S. )'3. 051640 0000
FLOUL-FLOWUWWELLSP 051655 0ase
GO TO 566 e51665 0050

C ROCK OR CUT AND COVER SHAFTS 091670 0998
SSG FLOhJL@S @S1688 toot

C STORE WELL CAPACITY 051690 00e
6 D(N 42)*FLOWL 051790 see

ra60 CONfINUE 051710 0e0
706 CONTINUE 051720 sees

RETURN 0S1730 00
END 0S1740 ese0
SUBROUTINE VOLUME (A,BCNP,SHAFT,TRDATANTSMAX,NSSMAX.NPMAX.NSMAX, 051750 ease
1NTRMAX) 051755

c---------------------------------55S1760 0see
c---------------------------------@5S1770 see.
C THIS SUBROUTINE COMPUTES THE EXCAVATED VOLUME PER LINEAR FOOT OF 051786 $see
C TUNNEL AND SHAFT *51790 0556
c----------------------------------e@S89ese
C----------------------------------esi1s1e esse

COMMON /BASIC/ NSS NS 051820 to00
DIMENSION A(HTSMAX,68),3(N55MAX,43),CNP(NPMAX,2),SHAFT(NSMAX,23), 05183e 00S0
1 TRDATA(NTRMAX,23) 651840 e0ee

C ------------ ---------------------------------------------- 0951850 ess
C TUNNEL VOLUME INCLUDING OVERBREAK IN SOLID CUBIC YARDS/FOOT 051865 ese

DO 10 1-1 NTS OSIS70 00es
NTSTYP.A(I.16) 951889 sese

C CHECK IF SEGMENT EXCAVATED BY CUT AND COVER 05109e sees
IF(NTSTYP.EG.3) GO TO 55 551900 sees

C TUNNEL 051910 sees
BOB.A(1,42) 051928 eas0
HREACH.AI.4) 051930 sees
ISHAPEwTRDATACNREACH,3) 651940 sees

C CHECK THE SHAPE OF TUNNEL 051950 ea0e
IF(ISHAPE.EQ.1) SFAe0.785 051965 ease
IFCISHAPE.EO.8) SFAsO.293 051970 6506
IFCISHAPE.EQ.3) SFA-4.425 051936 Soso
Ve2B3**a*SFA/27. 05199B sees
0O TO to 852960 sees

C ------------------------------------------------------------------ 052616 5ease
C CUT AND COVER OS2929 Sso

S5 lfACI,39) 052030 9006
DTRNCI4.AcI 58) 052640 0000
NPLS:AIl,i *5as50 sees
NPRS Ail 1) 052069 0900
SIESLeAC(1 63) O@$00

C COMPUTE THL DEPTH OF ROCK Mas0700w

(C011L illucL)
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ELROCK'A(I 27) 052696 0066
ELSUAF 6.SS(CNP(NPLSo2)+CNP(NPRS,2) 05201$ 0000
DROCK-ELSURF-ELROCK 652:10 0000

C COMPUTE THE EXCAVATED VOLUME IF CuT' S ENTIRELY IN SO'. 615212 80066
JROCIoe. 6S2!30 00
VSOI -(UEDTR4CHSID£SL)XDTRCH/27. 052:40 00e0
IF(DROCK.GE.DTRICH) GO TO 88 052156 0066

c COMPUTE THE EXCAVATED VOLUME IF CUT IS IN PART SOIL-PART ROCK 652160 sees
UROCK-DE2(DTRNCH-DROCK)/27. 052170 0600
USOZL-(E.DROCK*SIDESL)SDROCK/27. 052180 0000

8 U-VROCKeVSOIL 052190 eoee16 AC,5l).V esaaeo o0eois 052210 000

C SHAFT 052220 000
DO 26 1.1 NSS 052230 eee
902-9(1 3A) 052240 0000
SFA..5 052250 600
NSHArT:BCI 1) 052260 0000
ISHAPS-SHAfT(NSHAFT,16) 052270 0000
NSSTYP=B(I 15) 052280 00
IF(ISHAPS.EQ.2) SFAo1. 052290 eose
V-0. 052300 0000
IF(ISHAPS.EQ.O) GO TO 20 e52310 0000
IF¢hSSTVP.NE.3) U-BOBS2SFA/27. 052320 0000

20 B(I,38)-u 052330 0000
RETURN 052340 0000
END 052350 0000
SUBROUTINE EXCUOL (AB,CNP,SHAFT,TRDATA, TSMAX,NSSPAX,NPMAX,NSMAX, 052360 0006
INTRMAX) 052365

C .------------------------------------------------------------- 052370 000
C - ---------------------------------------------------------------- 052380 0600
C CALCULATES THE EXCAVATED VOLUME TO EXIT FROM EACH SMART AND 052390 0000
C LENGTH OF TRENCH TEMPORARILY LEFT OPEN IN CUT-AND-CCVER EXCAVATION 052400 0000
C ------------------------------------------------------------------ 052410 0000
C ------------------------------------------------------------------ 052420 0000

COMMON /BASIC/ HSShTS 052430 0000
DIMENSION A(NTSMAX,68).(NSSMAX,43),CNP(NPMAX,2,,SHAFT(NSMAX,23), 052440 0000

1 TRDATA)NTRMAX,23) 052450 0000
C ------------------------------------------------------------------ 05246e D600
C 052470 0000
C INITIALIZE TOTAL EXCAVATED UOL;ME 052480 000

DO 100 N1,.NSMAX 052490 0000
106 SHAFT(N 9)-0.6 052500 000

C CALCULAE )OLUME FRCM CUT AND COVER REACH 052510 0000
C ------------------------------------------------------------------ 05252e 000

DO 16e6 1,,NTRMAX 05253e 000
IF (TRDATAd,1).LT.e GO TO 1000 052546 6666
HRSEGI.TRDATA(1,5. 652556 000
hTSTP-A(NRSEGI,16) 052560 00
IFC(TSTYP.NE.3) GO TO 1600 0525'0 600
NSHAFT.TRDATACZ 1) 0652586 600
NSEGS.TRDATA(I,) 0652590 0ee6
DAYSoTRDATA(I ) 652660 0006
HSEQSA-IABS( NEGS) 052616 ees
qTEXC.6. 062620 6666
VTIOX-6. 052630 6600
PINSAR *. 652644 600
MsNRSE0I 652650 0ee
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Leo 052668 es66
umsoo. @62670 0000

LeL+1 @62690 @000
TS(OL *A(M.45) @62700 0000
V OX A(Ii,51) OS2710 000
uso *AC(.S4) @S2720 6e06
ART A(M, 8) 662730 0000
ANTULT-A(M.49) 052740 000
LINING:A(Iq 10) 0627S0 $00
CTTSI *TSE L.'AR 062760 0000

C ADVANCE RATE FACTOR AT END POINTS OF SEGMENT @S2776 0000
3INSAR-P1ISAR-0 .05 05279 0000
IF(IINSAR.LT.C.) 3INSAR.6. 052790 000
TAULT*(1.-DINSAR)/9.02 052866 000
PINSAR-DINSAR.062*CTTSI 052918 0000
IF(PItiSAR.GT.1.)PINSAR*1. 05282e 0666

C TIME REQUIRED FOR TRENCH TO BE LEFT OPEN 052830 0666
IF(LINING.EG.1) TIMEOPe39.SDAY'S/?.+19. 052846 0006
IF(LINING.EQ.3) TIMEOP*10. 652858 0668
VTEXC.VTEXC+V*TSEGL 052868 0666
VTBOX.VTBOX+VBOX*TSEGL 052970 00
IFCCTTS1.GT.TIMEOP) Tl-CTTS1-TIMEOP 052980 060

C COMPUTE THE LENGTH OF OPEN WITHOUT BACKFILL 052890 0666
1200 IF(CTTSI.LE.TMULT) OPENT.ARTULTS(CTTSI-TI )3(DINSAR.S.01*(CTTSITI) 052966 000

I1) 052910 060
IFCCTTSI.GT.TMULT) OPENT.ARTULTZ(BINSAR*(TMULT-TI ).0.01:(TMULT**2 052920 06
I -TIS2 CTTSI-TPIULT) 652930 6000
IF(TI.GT.TMULT) OPENT-ARTULTSICTTSI-T1) 052946 0680

C CALCULATE JCLUME OF DISPOSAL AND BACKFILL 652950 800
VT!)ST*(0. 1zVTEXC.UTD~X+NV-V3OX)SOPENT )'1.1 05269 6060
VI.T-(V-UDOx )*OPENT 052976 000
T2.TZIEOP-CTTSI.Tl 052980 0000
PtINB*PIHSAR 052996 0000
N*MeNSEGS/HSEGSA 053000 0000
LL-L+1 053010 0000

C CHECK IF THE hEXT SEGMENT IS INUOLUED 053020 000
IF(T2.LE.S.) GO TO 1500 053630 0000

C CHECK FOR END OF REACH 053040 0008
136 IF(LL.GT.NSEGSA) GO TO 1500 053050 0006

TSEGL *A(N,45) 053060 00060
V2 oA(N,SI) 653078 0000
VIOX2 *A(N,54) 05368a 0006
AR WAN, 8) 053696 0060
ARTU2 :ACN 49) 053106 0000
CTTSa .TSE6L/AR 053116 0006
21N8'PIH2-0. 05 053126 0000
IF(D1N2.LT.O.) BIN2.e. 053130 0000

C CHECK IF MORE SEGMENTS IN1,OLVED 063140 0000
IF(T2.LE.CTT62) GO TO 1466 053150 0000
LL*LL.1 053160 0000
T2.TE-CTTS2 0S3170 9000
M*N44ISEGS'NSEGSA 053180 6000
VTDST.VTDST+U2ETSEGL 053190 6000
V3FT*U3FT+(Ve-U3OX)x TSEGL 053206 000S

PIN*312.0. OCTTOS03210 90441
IF(PINE.G7.1.) PINI.1. 053220 0000
OPENTwOPENT+TSEOL 653230 4000



00 TO 13W 053240 0606
14" TRU3',1.-uIHa)'ea 063260 0600
C CJRPUTE LENGTH WITHOUT DACKFILL IN THE LAST SEGMENT OF OPEN 063260 ee

I (Ta.LE.TMULTal OPENT2oARTUe9Te*(3INE*.OLOST2 053270 4049
IF(T.QT.TMULTa) OPENTU-ARTU2S(IN2ETMULTE+0.01TMULT2U92 @s3280 006

I TU-TMULTe) 663290 000
C COMPUTE VOLUME OF DISPOSAL AND 1ACKFILL 6S3300 0666

VTDST mTDST+VaZOPENTe eS3310 0600
U3FT-VUFT (U2-V3OXR)tOPENT2 @S3320 6666
OPENT-OPENT+OPENT2 053330 0060

C MAXIMUM VOLUME IN LENGTH 'OPEN' OS3340 9000
1S*S IF(VTDS.OT.UTDST) GO TO 1600 05335 6666

UTDS-VTDST 053360 0060
VIF-VIFT 053370 0006
OPEN-OPENT 0S3380 aS60

C CHECK IF LAST SEGMENT OF REACH 0S3390 6600
1606 IF (L.GE.NSEGSA) GO TO 2100 053400 eo0

IF(LL.GT.NSEGSA) GO TO 1706 053410 0000
T1-T1.1. 053420 0000
IF TI.LT.CTTSI) GO TO 1260 O53430 000
M-M+NSEGS/NSEGSA 653440 0000
GO TO 1100 053450 0000

C - ----------------------------------------------------------------- 053460 00
C COMPUTE THE TOTAL VOLUME OF EXCAVATION AND BOX IN A REACH 653476 0000
£00 MM-M+1 0S3480 000

DO 2000 JxMM.N 653490 0000
TSEGL-A(J,4S) 05350 000
V=A(J,51) 653516 0000
UOX-A(J 54) 053520 0000
VTEXC VTEXC+V*TSEGL 053530 0000

260 VTIOX-VTBOX+VBOXSTSEGL 653540 006
e106 VDSsVTDSVTEXC 0535S6 000

SHAFT(NSHAFT,9)-SHAFT(NSHAFT,9)+UTDS 053560 0000
C BACKFILL VOLUME eS3570 6000

VUACDSBVDF/1.1/(UTEXC-UTBOX) 653S8 000
U3ACEX-0909-UBACDS 0s3590 6000

C STORE VALUES IN ARRAY 053600 000
TRDATA(I, 16).OPEN 0S3610 0066
TRDATA(1,21).UDS 0s3626 00N
TRDATA(I,22 ).UACEX 053630 0000
TRDATA(1,23)-USACDS 053640 0000

1600 CONTINUE 053650 0090
C ----- ---------------------------------------------------------- 0S3660 0060
C CALCULATE VOLUME FROM TUNNEL SEGMENT 653670 0066

DO 290 N-1,NTS O53680 000
NREACH.A(N,4) 053690 "0O
NSHAFT*TRDATA(NREACH.1) 053700 0000
HTSTYP-A(N 16) 053716 0006
IF(NTSTYP.EG.3) GO TO 200 0S3720 0000
V-A(m,61) 053730 6006
TSEGLeA(N,4S) 053740 0000SHAFT(NS AFT.g)-SHAFT(CS1FT9+u*TSEGL 0S37O0 0000

200 CONTINUE @5376 000
C -------- ----------------------------------------------------------- 063770 0060C CALCULATE VOLUME FROM SHAFT SEGMENT @63780 000

DO 300 N1,,NSS 063790 000
NSHAFT.CN,2) 63366 e06
NSSTYPol(N, £6) 063310 000

(Cont inued)
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Z 1CNSSTVP.E.3) GO TO 340 0638e seet
Uu(N,3) 63830 006
SSEOL-(N 3S) 063840 0000
SHAFPNSHAFT.9).SHAFT(NSHAFT,9 +JUSSEGL 653850 SO*g

300 CONTINUE 053866 Oegf
C------------------------------------------------------------------- 038? 000

RETURN 063880 ees
END 053890 6000
SUBROUTINE MUCKLD(0 ,CNPS56FTTRDAT3,NTS0AX,6SS00XNPMAXNSMAX. 053900 000

INTRRAX) 653905
c - ----------------------------------------------------------------- 53918 0000
c ------------------------------------------------------------------ 063920 6000
C CALCULATES REQUIRED MUCK LOADING RATES 1N4 EACH SEGMENT AND 663930 o00
C MAXIMUM RATE IN EACH REACH OR SHAFT BASED ON ULTIMATE ADVANCE RATE 0S3940 eee.
C ------------------------------------------------------------------05S39S0 0000
C ------------------------------------------------------------------05S3960 $00

COMMON /BASIC' NSS NTS 053976 0000
DIMENSION A(NTSMAX,&S8),DCNSSMAX..43),CNP(NPMAX,2),SHAFT(NSMAX,23). 653980 0000
I TRDATA( NTRMAX, 23) 053990 000e

C ------------------------------------------------------------------ 054000 0000
C MUCK LOADING RATE IN TUNNEL SEGMENTS AND M'AXIMUM RATE IN REACH' 054010 0006

DO 400 NREACH-1,NTRIAX 054020 0000
IF(TRDATA(NREACHL).LT.-IO.E29) GO TO 400 054030 0000

C 054040 0000
HOURS.TRDATA(MREACH,S) 054050 0000
NRSEG1 .TRDATA (NREACH 5) 054060 000
NSEGS-TRDATA(NREACH.4) 054070 0000
NSEGSAmIARS(NSEGS) 054090 0000

C 054090 0000
RMLMAXa .0S04100 0000

C 054110 $000
DO 300 I.1,NSEGSA 654120 0006

C N.SEOUENCE NUMBER OF TUNNEL SEGMENT 094130 0000
IF(NSEGS.GT.6) N*NRSEG1+I-1 054140 0000
IF(NSEGS.LT.0) N-NRSEGi-I+1 054150 0000
NTSTYP.A(N, 16) 054160 0000
IF (NTSTYP.EG.3) GO TO 3"0 054176 000
IEXoACH,7) 04180 0006
U;A(N 51) 054190 0000
A TULf!A(N,49) 054200 0000

C CALCULATE MUCK LOADING RATE 054210 SOO
IF(MEX.EG.1) GO TO 200 054220 0000
Rf1L.9V*UARTULT/HOURS 054230 000
GO TO 266 054240 0000

P06 IF(5.*HOURS/ARTULT.GE.2) RML.Z: 0S4250 090
IFCS.XHOUAS/ARTULT.LT.2. ) RMLm2. 1AV*ARTULT/HOURS 054260 0006

aS. IF(RMLMAX.LT.RML) RMLMAX.RML 054270 0006
A(M 48).RML 0S4290 0000

30 CON+INUE 064290 0000
C 0S4308 6060

366 TRDATA(NREACH,? ).RMLMAX 054310 0660
400 CONTINUE 054320 0000
C----------------------------------------------------------------------05S4330 s60t

C MUCK LOADING RATE IN SHAFT SEGMENTS AND MAXIMUM RATE IN SHAFTS 054340 00
DO 806 NSHAFT.1.NSNAX 064356 6600
IF(SHAFT(NSHA T.1).LE.-LO.E29) GO TO 800 064366 6000

C 0543786 00
HOURSeSHAFT( NSNAFT. 17) 664388 00

(Cont inued)
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hNMQl *SH4AFT (N$HAFT. 1) 54390 000
NSlSoeUA H (nsAFT. 4) 6s4466 6606

C 0S4410 0040
NIIA XOO $ e4430 "O

C 054438 060
DO 700 Iw*NSEGS 04440 *GN
NsI-leNSutul OS44S OO

S NoEUGUENCE NUMIEN OF SHAFT SEGMENT 0S4466 0000
C CHECK FOR CUT AND COVER OR DUMMV SHAFT - NO RML COMPUTED 054470 0060

MEX-lcN 7) @S4480 6060
XF(MEX.10.0) GO To 70 054490 060
U*l(N 38) 0S4566 6000
ARSUL+*.3N 39) 054516 6600
IF(MEX.EO.1) GO TO 640 OS4526 0066
RML,3.*VSARSULT/HOURS 0S4536 e0o
GO TO 6$0 6S4540 800

600 IFtS.*HOURS/ARSULT.GE.12.) RML-S.SV/6. e54SS e0ee
IF($.*HOURS/ARSULT.LT.12.) RML-2.IV*ARSULT/HOURS 654560 ee.

660 IF(RRLMAX.LT.RML) RMLMAX-RML 0S4576 ee.
1(h 37)-RML 054680 e0e

7W CON+INUE 654590 6066
C 6S4600 6666

750 SHAFT(NSMAFT, 1t)-RMLMAX 654616 6666
306 CONTINUE 6S4620 6666

C - ---------------------------------------------------------------- 0 e54630 6ee
RETURN 0S4640 6666
END 6S4656 0606
SUBROUTINE AIRLOK(A,3,CNPoSHAFT.TRDATA,CUMSL, TSMAX,NSSMAXoNPMAX, 054660 0066
INSMAX,NTRMAX) 65466S

C-----------------------------------------------------------------65 4670 006
C - ----------------------------------------------------------------- 054686 666
C THIS SUBROUTINE DETERMINES THE LOCATIONS OF AIR LOCKS AND COOLING 654690 0006
C PLANT IN A REACH AND COMPUTES THE COOLING AND VENTILATION 054706 0000
C REQUIREMENTS OF TUNNEL SEGMENTS AND MAXIMUM REQUIREMENT IN A REACH 054716 0666
C - ----------------------------------------------------------------- 054726 0es
C - ---------------------------------------------------------------- 6 054736 eeCOMMON /BASIC/ hssTs eS,4e4 000

DIMENSION A(NTSMAX.i] A B(NSSRAX,43),CMPCHPMAX,2),SHAFT(lSqAX,23), 054756 6060
I TRDATAM(TRMAX.23),CUMgL(NPMAX) 0S4760 0060

C------------------------------------------------------------------6 s477 0006
DO 200 Jol.NTRPAX 654780 000
ZF(TRDATA(J 1).LT.6) GO TO 600 654796 00
ISHAPE-TRDA A(J.3) 054860 000
IF(ISHAPE.EG.6) GO TO 200 054810 606

C INITIALIZATION 054820 00o
NRSEGI-TRDATACJ 5) 0S4830 600
NSEGS.TRDATACJ.) 054840 ONO
NSHAFT.TRDATAJ,1) 054S5 0006
DTC-O. 054860 0o00
QT*O. 054870 0e60
AIRTE-SHAFTC(SHAFT.11) 654830 000
hSEGSA-IAlS(NSEGS) 0543N 0000
KOOL-o 65490 0000
DTCAS. 64916 0o00
CAUTeS. 064980 040
Me$ 054936 0000
m14- o54940 6600
NPlSNiAFTC(SHAFT,3) 649560 00
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*I.$HFT(NiSHAFT.8) 654960 000I

NPLOCKO 05417066
F(:SIE.EO.1) SFAe..78$ @5'960 c06
FI5 =".1:.) S1I).93 054990 060
IF( .EO.3) SFA-6.425 asset aSO

C DETEMINE THE STATION OF THE FARTHEST POINT OF COMPRESSED AIR OSSet$ so"
C SEG"ENT IN A REACH #S624 ese

o SO N-l NSEGSA 65536 000
F(NSES.LT.$) GO TO 10 055046 000

C I " SEQUENCE NUMIER OF SEGMENT M5ss55 ee
I-NRSEG1 N-1 ~66604 ofG
NPFEND-A(I.3) 0650 000
.00 TO 86 Msseeo14 I-NRSEGI-h+I essege f0ee
NPFEN:.A(I.8 2)te MISS08

as NlTAI-A(I,31) MSleO eeet

TSEGL-AC1,4S) 955128 ee
IF("STAB.NE.1) GO TO S0 OSS138 ee
DTCA-DTCA+TSEGL 05514 see
CUMFCAsCUMSL(NPFEND; ISSISO ea0e

s CONTINUE 055160 000
C------------------------------------------------------------------ S17 0000
C DETERMINE THE LOCATION OF AIR LOCK FOR A SEGMENT IN COMPRESSED AIR 0SS8I 0000

DO 180 N-. NSEGSA ss9 ee
IF (NSEGS.LT.0) GO TO 60 S5S290 0ee
I.RSECI*N-l ssale sees
NPFEND-A(I,3) $Sea sees
NPREND-A(1,2) 0SS230 606
NPSmA(I 1?) 0SS240 00
GO TO 6s 0ss2se ea

60 I-NRSEGI-h1 OSS0260 000
NPFEND*A(I,2) 0SS270 000
NPREND-ACI,3) 0ss9 e0e
NPSA( I8 655290 00

65 BE.A(1,59) 055300 0060
P1HA(IS7) SS310 000
TSEGL-A(I,4S) 0SS320 000
DM-A(1,46) SS330 e000
RTEMP-A(,12) 055340 000
MSTAI A( 1,31) 0SS3s 000
IF(MSTAv.NE.I) GO TO 85 SS360 000
PERM .A(I25) 055370 000
DIO'SGRT(L$.$AlS(PERM)) 0SS380 00
IF(DIS.LE.9.00S) DIO-*.es 0SS390 000

C-------- ---- ---------------------------------------------- 065460 0000
RM.1 s5410 0000

C COMPUTE WETILATION QUANTITY FOR THE SEGMENT IN COMPRESSED AIR 055426 000
CAV-*(2.S.10.*ALOGI(StD ))*SFA1EU2 0SS430 90

C CHECK THE FIRST COMPRESSED AIR SEGMENT 0SS440 000
IF(M.NE.i) GO TO 7 0SS4Sf 0000

C CHECK IF COOLING PLANT FOR FIRST AIR LOCK TO BE MOVED FROM SS460 000
C SHAFT TO ABOVE THE LOCK OSS470 0000

IF(A5S(CUMFCA-CUMSL(NPS))+H.LEIa86. ..AND.DTC.GT.i.) GO TO 75 @S5480 0000
GO TO 71 OSS490 6006

C CHECK SEPARATION BETWEEN TWO COMPRESSED AIR SEGMENTS 065500 safe
76 IF(A3SCCUPSL(M-h)-CUMSL(NPREND)).GT.S00..AND. SSS1 0040

I A3SCCUMFCA-CUSL(NPWREND)).GT.2600.) GO TO 71 eS52 6000
C CHECK THE STATIONING OF THE SEGMENT END POINT TO DETERMINE THE 65530 006

(Conlt inued~
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C POSITION THE AIR LOCK 06SS46 0006
LOC~mIA#S(NPLOCK) a*~gs ****i FA(CUMSL(hPFEND)-CUMSL(LOCKC) )DTHLOKC.LE.19806,.) GO TO 86 605660 020

3( (C3C-UMLLC)+DTHLQOK. 1266@0.) GO TO SC *s5s7e ses
C STONE IAE HEAT EXCHANGE ANr COMPRESSED AIR QUANTITIES WITH4IN 055536 ease
C C OMP RESSED AIR SEGMENTS. 055590 ese

71 hNt-I sse ceet
Do 72 NNONIN2 ess61e 600
II.NRSEGI+ CNN-I )*hSEGS/hSEGSA *SS62e 0000ACIZ.36J.CAVT 655630 $480

713 ACII.37).QT 0SS640 6a6e
NI .N 055650 ea0e
CAVTw8. 055660 0090
KOOLal 055670 0000

C KO0O1 - INDICATOR FOR THE LOCATION OF COOLING PLANT 055680 C0OS
OT-S. 055690 ee

C SET UP THE LOCK 055700 000075 NIPLOCKoNPREND 855710 000
DTHLOK;CNPCNPS 2)-CNP(NPLOCK 2) 055720 0000
DLOCKeAUS(CUMS (hPLOCK )-CUMSf.CNPD) OS05730 0000

C COMPUTE THE LENGTH OF PIPE FOR COOLING IN COMPRESSED AIR SEGMENT O55740 0800
80 IFCKOOL.EQ.9, PUMPLT*5280.*DMI*4 055750 0000

IF(KOOL.EQ.1) PUMPLT-S89.*DM-DLOCK.DTHLOK 055760 0000
C NPLOCK - NEGATIVE IF COOLING PLANT OF FIRST AIR LOCK MOVED FROM 05770 0a00
C SHAFT TO TOP OF LOCK 055780 0000

IF (KOOL.EG.1.AND.M.EQ.1.AND.DTC.GT.8.) NPLOCK.-NPLOCK 055790 0000
C COMPUTE THE QUANTITY OF COOLED AIR REQUIRED IN COMPRESSED AIR 855s90000
C SEGMENT 055818 000

O*CAUIC74.O0+..31:PUMPLT +SQRT(CAV )SPUMPLT 055820 0a00
1 t(6.23+6.0454*(RTEMP-85.)3)+239.:PUMPLT 055830 000
IF(CAV.GT.CAVT) CAUT*CAU 0S5S40 0000M*NPFEND 055850 0000
GO TO 96 0sses0 8900

C ------------------------------------------------------------------655370 000C COMPUTE QUANTITY OF COOLED AIR REQUIRED IN FREE AIR SEGMENT 055980 0008S IF (KOOL.EQ.1) DMODM-DLOCK/580. ass5s9000
GeSFA3BE**2* 1C.xPH /CAIRTEM+466. )*0.0325286.2DM+54.$AIRTEM 055900 00e0
I -400. )4S290.)DM0SQRTCSFA*8Es:2 )3C0.35RRTEMP-29.)+2.4*DM$52S6. 055910 008090 IFCO.LE.J GO TO 95 855920 0e00
DTC-DTC+TSEGL 055930 000IF(Q.GT.OT) QT*Q 055940 0000

C STORE THE LOCK POSITION AND HEAT EXCHANGE QUANTITY 055958 00
96 A(r,38JSG 059966 0000A(I 3S)OMPLOCK 055976 0000C CHENK THE LAST SEGMENT IN A REACH 856980 008e

IF (N.NE.NSEGSA) GO TO 10 055996 e600
I*NRSEG + CNN-i )*MSEQS/NSEGSA 656010 0008
AcrI,35SwCAVT 656026 0e66

99 ACIX 37)uQT 65606 0060ISO CONTINUE S6640 000
TRDATA(J.14)-DTCA 056C0 6060TRDATACJ.lS,.DTC 66060 6000alCl CONTINUE 056070, 80CCRETURN 656630 006

EN66090 000SUDROUTINE CALOS (A.I,CNP.SHAFT.TRDATA,NTSMAX.NSSMAX.NPMAX,NSMAX, *661C0 060
INTUMAX6616

(cont inuied)
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C 0610 0606
C THIS SUBROUTINE OUTPUTS CALCULATED TUNNEL AND SHAFT DATA 6613a 660
C ------- 661 000
C 956146 006

COMON /BASIC/ NSSNTS @561s0 000
CONON /AI LO LIPM OMLIST(46).TITLE(1I6),STADEG, ITYPE *S616e 8SS
COMNON/F/ EORIST 0 sOPss e
DIMENSION ACHTSMAX,68),l(NSSAX,43),CP(NPAXa),SHAFT(NSMAX, 23), 056181 eee
I TRDATACMTRMAX.3) 056196 06

C REFER TO COMMENT ON DOUBLE PRECISION LITERALS IN SUBROUTINE 4. *S6210 @ee.
DOUBLE PRECISION TNONE.AIRPRS DEWATRGRDINJ,SUMP.STABIL

C 05238 zMesaUfl**2*3Z**UZ*2ZEIg2R2*gg2:utZZ*8g*88****IU 656230 0006
DATA TNONE/l NONES / AIRPRS/IAIRPRS'/1DEUATR/"DEhATR'/. 656240 0000
IGRDIJ/'GRDINJ'/,SUM/' SUMP '/ 5625se 0000

C --------------- ------------------------------------- 056260 0000
c es6ae 0ee
C OUTPUT CALCULATED TUNNEL DATA 656230 eg.
C 056290 0000

ITYPEsI 058300 0000
NLINES-49 066310 e0e
IPR-e 0S6320 0000

C N.SEGMENT SEQUENCE NUMBER os6330 e00
DO 166 N-1,NTS 056340 0000
NLINESoNLINES+! 6S63S eg.
IF(LIST(4).EQ.1) GO TO 10 6S6360 0000
IF(NLINES.LT.40) GO TO 18 0S6370 0000
NLINESme 0S6380 000
URITE(LO,300O) 66390 000
URITE(LO,310) 066400 00

1 HNREACH-A(N,4) 056410 000
MPL*A(N,Z) 056420 0060
NPRwA(N,3) 0S6430 000
NTSEGmA(N 1) 056440 00e0
BE- A (N,3) 0S6450 0000
NTSTPA(N 16) 066460 00oe
IF(NTSTVP.E0.3) GO TO 40 056470 000

C---------------------------------------------------------------- 056480 000
ISHAPE-TRDATA(NREACH,3) 056490 000
NTP TRDATA CREACH,4) 05650 000
HSLOPE:A(N 47) 6066 0ee
IF(MTM.NE.3) GO TO 6 0665200 0 10

C CHECK FOR MAXIMUM SLOPE FOR TRAIN O530 000
IF(A3S(HSLOPE).LE.S.06) GO TO 30 06S40 000
URITECLO 102N) NTSEG,NREACH S6SSS0 eee
NLINES-NLINES +1 066560 00
IERROR-1 OS6570 6ee0
0o TO 30 656586 600

a0 IF(MTM.ME.1) GO TO 36 656590 see
C------------------------------------------------------------------656690 see
C CHECK FOR TUNNEL CROUN HIGH ENOUGH TO HANDLE A TRUCK 056616 "O

IF(ISHAPE.LE.2.AND.BE.LT.16.) GO TO 25 656680 ee
IF(ISHAPE.EG.3.AND.lE.LT.3*.) GO TO 25 066636 0000
GO TO 36 056640 6060

85 tRITECLO 1631) NTSEG,NREACH 95650 eeo
NLINESeNcINE S +1 @6660 006
IERROR-l S6670 9006

30 CONTINUE 66666 066

(Continued)
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C --------------------------------- - - - 056696 88"
C QN9cK FOR TOO STEEP A SLOPE FOR MUCK HAUL BY TRUCK OR CONVEYOR 056766 **g0

IC AIS( NLOPE).LE,.46) GO TC 33 06671t00SO0
URITI (LO,1483) NTSEGDNREACH OS672e eSO"
HLANESoNLINES4l 0S6730 0004
Rf pOA'1 051740 000
C------------ ---------------------------------------------- 05S6750 400

C CHECK SOFT GROUND TUNNEL FOR ALL TRUCK IN COMPRESSED AIR SEGMENTS 0S6760 00o0
33 IF(NTSTYP.EO.1) GO TO 40 OS6770 6O00

MSTAB.A(N 32) O56780 006$
MUST.ACN.5a) 656796 00"
IF(N6TAI.NC.1) GO TO 40 056300 0000
IF(MUST.LT.3.OR.MTM.NE.1) GO TO 35 066816 6666
ZERRORal 6632, 060
URITE(LO 1625) NTSEG.,NREAC4 656836 066
NLINES.NLINES+1 6S684 0660

35 CONTINUE 656850 600
IF(MUST.LT.3.AND.MTM.EO.1) WRITE(LO,1030) NTSEG,NREACH 656866 600
lF(MUST.LT.3.AND.MTI.EG.I) MTM-4 856870 6000
TRDATA(NREACH,4 )oMTM 656880 000

40 CONTI NUE 656896 0060
IFCLIST(4).EG.1) GO TO 70 65690 600

C-----------------------------------------------------------------------6956918 6666
C CONVERT NODAL POINT STATIONING TO INTEGER VALUES 656926 0666

STAsCNP(NPL 1) 656930 006
ISTA*STA/106. 656946 600
ISTAaeSTA-ISTA319O 656956 00
ITENSaISTA2/19. 056966 6006
INUMS* XSTA2-ITENSSIO 656976 0606
IHUNS*IABS( IHUNS) 656986 0600
ICTTSoA(N,60) 056990 6600
LSEGLoAN, 4S) 057000 060
IPRML*TRDATA( NREACH, 7) 057616 6660
IFL-A(N 59) 657620 006
!PHeA(N,57) 057030 6006
BOI'A(N.42) 057040 0600
ARTULTaA(N,49) 057656 0006
TLmACN 11312. 05766 0006
OFT-TRbATA(NREACH,2) 057670 6006
AR A(N .38) 057086 0660

C ------------------------------------------------------------------6057090 0066
C EXCAVATED VOLUMES 657166 0006

SO VSOILsO.O 057116 0000
VROCKPO0 657126 60
VmA(N 51) 657130 000
IF(NT§TVP.EG.1) VROCK-V @57146 0090
IF(NTSTYP.EQ.a2 VSOIL-V 657150 0060
IF(NTSTYP.LT.3) GO TO 60 65716900666

C CUT AND COVER 657176 090
DTRNCH*A(N S2) 657180 0040
NPLS-A (N, li) @57190 006
NPRS'A(M.18) 057366 0000
SIDESLoACN 53) @57210 0000

C COMPUTE THE DEPTH OF ROCK 057226 000
ELROCKuACN 27) 057230 0000
LSURF-.S5(CNPCNPLS.2).CNPCNPRS.2) 057240 $00

[OLOCeELSRF-EROCK057850 0000
C COMPUTE THE EXCAVATED VOLUME IF CUT IS ENTIRELY IN SOIL 057260 000

((:011L jnlUcd)
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UhOC~ef. 057273 tes0
VSO1L& ( 3C.DIRNCHSSIDESL )SDTRhCH/37. OS7280 @666
IF( DIOCK.GE.DTRNCH) 0O TO 60 67296 606

C COMPUTE THE EXCAVATED VOLUME IF CUT IS IN PART SOIL-PART ROcCK 067366 0006
UNOCK.3E* CDTRNCH-DROCK )/27. 057316 6060
USOIL. (BE.DROCKCSIDESL )*DROCK/27. 057320 6666

60 1 M oVROCK 6733600ego
IVTS.'USOIL @57340 0006

C ------------------------------------------------------------------ 65S7356 s666
IF(NTSTVP.EG.1) G0 TO 70 657366 0066
ISUIPPT.A (1 26) 057370 0006
GAMIIA.A (N. 2) 057386 6866
PERMaAlS(A(N 25)) 057390 0060
IFLOUL.A(4.61) 057400 000
STABt4OOA(t 30) 657410 0666
IF'(hTSTY'P.1Q.3; GO TO 65 657426 9*60

C 6-- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - 57431b e0s0
C SOFT GROUND TUNNEL 057440 0600

AIRPR&A(4, 33) 057450 0066
MSTAD-A N 31) 057466 00600
IF(MS7AB. 0.0) STAVILvTNONE 657476 0600
IF(MSTAI.EO.1) STA3IL.AIRPRS 057436 6666
IF(MSTAI.EG.2) STA3IL*DEwATR 657490 9060
IF(MSTAR.EQ.3) 5TABIL.GRDIhJ 657506 0660
GO TO 76 657516 6060

C ------------------------------------------------------------------ 65S7526 06e6
C CUT AND COVER 657536 066

6S VL. *A(N ISS) 657546 0060
SIDESL-ACN 53) 657550 060
UELLS-ACN is) 657566 6660
DSLURY-0. 65 O7570 000
SPDLTe.. o5'580 Goes
S'IABIL.TNONE 657590 00
IF(IFLOUL.GT.6) STABILsSU1P 657606 0660
IF(IFLOUL.GT.0.AND.hJELLS.GT.g.6) STABIL*DEWATR 657616 0060
OPEN.TRDATA(NREACH 16) 657626 0608
VIACEX-TRDA TA (HREAtH, 22) 657638 016
Y3ACDS.TRDATANhREACH,23 67646 0660
J.ACN.61) O665 000
UDOX.A(N,54) 057666 60o6
3ACKFL*CUDACEXVACDSU(I-VB0X,± .1 657670 600

C CHECK IF SEGMENT IN SAME REACH 657680 0009
76 IFCIPR.EG.NAEACH) GO TO 85 057696 6660

C ------------------------------------------------------------------ 65S7766 6066
C CALCULATE CONSTRUCTION TIME FOR THE REACH CCTR) 657710 0069

NSEGS*TRDATA (NRCACH 6) 657729 6660
NSEGSAsIAISCHSEGS) 657730 6e60
HOURS-TRDATA (NREAC4 8) 057746 *00
DAYS*TRDATA(NREACH,b 9 57750 0660
CTRe.. 6057760 600
AtLOC~ef.4 657770 0000
ICT~em 657736 66e6
MEXPwo 057790 9600
SITUSH86.8 057300 "00
$ TUPP .0.6 057310 "o
SITUPP60.1 057326 WOO6
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.0 07630 0000
TIMCCR-.0 057840 0000

Nwm+NI-1 057870 0000

MEX-A(Nh 4 057990 e000
708 IF(14EX.U .6) GO TO 705 057900 0000
C SOFT GROUND OR ROCK TUNNEL 057910 0000

CALL SETUP(MEX MEXP- SETUJSH,SETUPM,SETUPR, !TvP1E es792 Des
IF(I.EO.1) NPL6CK.ACNN 36) 057930 0000
IF (A(NN 36).EC *) GO i O 730 057940 esee

C CALCULATt NUMDEi OF AIR LOCK SETUPS 057950 0000
IF(ALOCK.LT.1.) GO TO 703 057960 0000IF (A~mh 36).EG NPLOCK) GO TO 730 057970 00
ALOCK.AL6CK.0.2i 057980 0000
GO TO 704059000

703 ALOCK-i. 058000 0000
704 MPLOCKACNN,36) 058010 8000

GO TO 730 058020 0000
C ------------------------------------------------------------------ 058030 0000C CUT AND COVER 058040 0000

705 ELWATR aA(NN. 14) 058050 0000
D19mA(N,19)086000
IIWATER;ACNN 23) 058070 0000
ELIMP.A(NN h4) 058080 0000
PERrq-A(MM.AS) 058090 0000
FLOUL-A(MN,61) 05800 0000
NPLS.A(NN. 17) 058110 0000
NPRS*A(NH, 18) 058120 0000
DTRNCHACNN.52) 058120 0000
ELROCICOA(NN,27) 058140 0000
ELN4PLS.CNP(NPLS,2) 058150 0000
ELMPRS.CNP (NPRS 2) 058160 0000

C CLJAETHE EX+RA CURING TIME FOR CIP CONCRETE 058170 0000IF(L.LT.0) GO TO 708 058180 0000
MMONN 058190 0000
IF(NSEGS.GT .0) )iMftNSEGSA-1 058200 ease
LIMING;A(MM~ 10) 858210 0000
IF(LINING.E6.1) GO TO 707 058220 0000
CTRoCTR+CTTS 058230 000
GO TO 708 058240 0000707 TIf ECRm38.-CTR 058250 0000
IF(TIMECR.LT.S.) TIMECR.0. 05826 000eL--1 058270 0000703 IF(D1O.LE.0.005.OR.IJATER.EG.0) GO TO 730 05828 0000IFCPERf.GT.O.0.AND.D9.GT.O.88) GO TO 709 058290 0000IF(PERM.LT.0.0.AND.A3S(PERMi).GT.0.0006) GO TO 709 0S8300 000
TIMEDU.38. 053310 00000O TO 730 058320 000709 ELSURF:S * 51ELNPt.S+Et.NPRS) 058330 000DWATER.ELSURF-EUATR 058340 0000
DRAUDN DTRNCH-DWATER 058350 0000DROCK-ELSURF-E LROCK 058360 see*
PER~q.ASSPERM) 058370 sees
IF(DROCK.LT.DTRNCH.AND.ISUPPT-EG.5) GO TO 730 68330 0000C CHECK IF WIATER TAILE BELOW BASE OF CUT 058390 000ZFCDRAWDI.LE.S.) GO TO 730 063400 Mt0
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DIMPoELSURF-ZLIMP-DTRMCH aS8413 esOe
c CHECK IF IMPERVIOUS LAYER ABOVE BASE OF CUT 058430 ees

IF(DXMP.GE.O) GO TO 7100640ef
DRAIJDN-ELWATA-ELIMP 058440 0000
DIMPoS.S 058450 9000

710 HEADV.-7.S(AL0GlO(PERM)+..) 058460 0000
C CHECK IF VACUUM HEAD GREATER THAN 21 FEET 059470 000e

IF(HEADV.GT.21.) HEADQV8I.0 058486 000
C CHECK IF VJACuUUM HEAD LESS THAN 0 FEET 058490 000

IF(HEADV.LT.6.0) HCADLJ.0.0 059500 0000
HEAD-DRAUDN*HEADV+D IMP 058510 0000
PIPED..51FLOWL*XO.4 058520 0000

C MINIMUM PIPE SIZE 058530 000
IF(PIPED.LT.1. ) PIPED-1. 058S40 0000

C DRAWDOW~N TIME 058550 000
EXPT.2.5*DRAUDNZALOGIO(240.l(HEAD-SGR(HEADDI1P))/PIPE'fltRA4'DN 058S60 0000
1*HEADV)/(0.73.0.27E(DRAUDN+HEAD'J)/HEAD)-5.0 8570 000
TIMET.0.002672P1PED**210.*EXPTPERM/1DRAUDN osssse 00ee

C CHECK POR MAXIMUM SEGMENT DEWATERING TIME IN REACH 058590 0008
IFCTIMEDU.LT.TIMET) TIMEDU*TIMET 058600 0000

730 ICTA. ICTRI+CTTS 058610 0000
ICTR.ICTR.14.Z5ETUSH+28.ESETUPM47.:SETUPR+14.zALOCK 059620 0008

C ------------------------------------------------------------------ 058630 0000
C CHECK FOR CUT AND COUER REACH 058640 0000

NTSTYWP-A(N .16) 058650 000
IF(NTSTY8P.EQ.3) GO TO 740 058660 oeeo
TRDATACNREACH, 10 .SETUSH 058670 0000
TRDATA CNREACH. 11) .SETUPM 058680 0000
TRDATA(NREACH. 12 .5ETUPR 058690 0000
GO TO 750 058700 0000

748 ICTR.ICTR+70./DAYS.TIMECR+TIMEDu 0587ie 0600
TRDATACNREACH. 14 ).TIMEDU 058720 0000

750 IF(LIST(4L.EQ.12 GO TO 100 058730 0000
LRITE(LO,2222) 059740 0000
NLINES-MLINES.1 058750 0000
IF(NTSTYP-EG.l) GO TO 73 058760 0060
PERM.ABSA(,25,) 058770 000
GAMMA.A(N,22) 058780 0600
IFLOI.L.A(N,61) 058790 0000

73 CONTINUE 05880 0000
C ------------------------------------------------------------------058810e 0000

IF(NTSTYP.EQ.3) GO TO 80 058820 0000
C ROCK OR SOFT GROUND TUNNEL 058830 $000

lURITE(LO 30012 NREACH INTSEG ISTA ITEMS IHUNS LSEGL BFT,DE,3OD.AR, 058840 0000
1ARTULT TL,IVTS,IVTR .IFLIAH,ICiTS,lC*R,IPRMLHOUkSDAYS 058850 0000
IFNMTStYP.EG.l) GO TO 160 e58866 0000
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C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 858876 600
C SOFT GROUND TUNNEL 65839 see6

ZF(NSTI.NE.1) GO TO 79 esau99ease6
C AIR LOCK NODAL POINTS 85896. 6e66

t4PLOCK-A(N 36) 658918 @see
srAucmPCNpLOCK, 1) 653916 ease
ISTAnSTA/100. 08936 0066
!8TA2.STA-ISTASS 658946 10000
IEMS* ISTA2/10. 858958 Go6s
INUNS* ISTA2-ITENSSIO 658968 6886
IMUNS-IADS( I*UNS) 058970 see8
UPITECLO,3002) ISTA,ITENSINUNS,STABNO.STA3IL.AIRPR,IFLOULGAMMA, 0S8980 000
IPERI 658998 0068
NLINES.PfLXNES+1 059900 eae
GO TO 100 869010 00

C AIR PRESSURE NOT USED 859028 0868
75 URITE(LO 2002) STABNO.STABIL,!FLOUL.GAMMA,PERM 659638 00

NLINES.NLINES+1 0S9648 00e0
GO TO 166 059es0 060

------------------------------------------------------------------ 059860 0000
C CUT AND COUER 059070 000

30 URITE(LO0,3064) NREACI4,NTSEG ISTA,ITENSIHUNSLSEGLAR.ARTULTIUTS 0690980 060
I IVTR.IPHICT75.ICTR I4OURS f6AYS 659690 6686
IF(ISUPPT.EQ.5) SPDLT.A(N.,3S) as9:so 6ase
IF(ISUPPT.EO.6) DSLURV'-A(N,38) 859118 00
URTTE(LO 3685) STADNO STAB L. LOWJLGAMP1APERM9.VL B3E.SIDESL, 059128 0ees
IDSLURY ISADLT BACiCFL,OAEN 659138 00
NLINES*NLtNE4+1 059148 9000
GO TO 106 859150 0080

C ------------------------------------------------------------------8059166 66s8
C THIS SEGMIENT IN SAME REACH AS PREVIOUS SEGMENT 859176 6680

85 IF(LIST(4.EO.fl GO TO 188 aSgise 086
WRITE(LO 2150) 059190 008
NLINES.NLINES*1 069206 0686

C FNSY.Q3 -- - -- - -- - - --T-- - -- - - -- - -- - -- - - 059220 0000
C----------------------------------------------59216 668s

C ROCK OR SOFT GROUND TUNNEL 069238 6060
LRITE(LO 3611) NTSEG,ISTA ITENS,IHUNS,LSEGLUFTBE,DOB.ARARTULT, 659248 6080
ITL I VTS , fTRIFL IPH ICTT9 859258 0008
IF(NTSTYP.EQ.1) 60 T6 100 859268 060e

C ------------------------------------------------------------------8059278 6668
C SOFT GROUND TUNNEL 859286 6600

IF(MSTA3.NE.1) GO TO 90 859296 8660
C AIR LOCK NODAL POINTS 059308 0009

NPLOCK*A(N 36) 059310 8880
STA-CHP(NPLOCK. ) 059308 800
ISTAoSTA/100. 859336 0000
ISTA2.STA-ISTAS166 659340 8886
ITENS.ISTAB/10. 059350 866
INUNS. ISTA2-ITENSS18 659366 866
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INUNS'IAllCIHUNS) 069376 0000
61RItLO,308) ISTA,ITENSIHUHS,STAINOSTAIL,AIAPR,!PLOLGA!MA, 059330 040

IPCRlq 069390 400
NLINESoNLIFIES~l 061400 $00

C O o SO TUE 059410 0000
C AIR PRESSURE NO SD059420 006
90 URITELO 2008) STA3hO.STAVIL,1PLO0ULQAMMA,PERti 059430 sose

NL ZNES* Nt.INES+1 069440 000
GO T0 100 059450 000

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 069460 0000
C CUT AND COV.ER 069470 osee

96 URITE(LO 3014) MTSEGISTA.ITENS.IHUNS5,LSEGL,ARARTULT,IJTSIUTR, 059489 000
11PH !CTT9 059490 0000
IFCISUPPT.EG.S) SPDLT.A(h,38) 059500 ease
IF(ISUPPT.EG.6) DSLURY ANh 38) 059510 0000
JIITE(LO 3015) SrBO;AIFOLGIMEMV B3ESIDESL, 059520 0000

IDSLURY I SADLT lACKFL 059530 o000
MLINES.Nt.INE§+l 059540 0000

100 IPR*NREACH HMO5500ose
JF(LIST(4).EQ.8) LURITE(LO,2222) 059560 osee

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 059570 0000
C 059580 0000
c OUTPUT CALCULATED SHAFT DATA 059590 0000
C 059600 0000

IF(LIST(5).EG.1) GO TO 300 059610 0000
Ipsa, 059620 00ee
ITYPE-2 059630 0000
MLINES.40 059640 0000
DO a00 N.1,mSS 059650 0000
MLINES*NLItIES.1 059660 0000
IF(NLINES.LT.40) GO TO 102 059670 0000
NLINES-0 059680 0000
WRITE(LO,2099) 059690 0000
URITECLO,2010) 059700 0000

1e2 NSHAFT;B(N 1) 059710 000
NSSEG.3(N,6) 059720 0000
BE-3CN,29) 059730 0000
10108(N 32) 059740 0000
ARSULt*fiN 39) 059750 000
IPRML--SMAFif NSHAFT. 10) 069760 0000
ICTSSI3(N 40) 059770 00e
IADS-SHAF+ (NSHAFT,9 )S.00$03 059780 000
t.SEGLmB(N,36J 059790 0000
NP31N 4) 059800 0000
lELMPI.iP;NPl,a2 059810 000TLSDCM1 i)11u. 059820 0000
RaI(m 8) 059830 0000

MPORTf4HAFT(hSHAFT.23) 059840 00
NSSTYPqB(N,15) ----- 8::0 0000

C EXCAVATED VOLUM'ES 059370 040
VROCK-.. 059330 0004
'SOLI.t 059890 St00U6104 3) 059900 0"0o
IFtNS§TY'P.E0.I) )JROCK.V 059910 0000IFCNSSTYP.Ea.2) VSOIL-U. 059920 000
ZUSR*VROCK 059930 0000
lUSS-VSOIL 659940 000
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IF(MSSTYP.EQ.I) GO TO 110 069960 ees
GAMMA.B( 1 ) 05 1006s
PERMAS(N.23) asge ees e
IFCNSSTYP.EQ.3) GO TO 110 Osgggo ee0e
SOFT GROUND SAFT 069081 @eee
AIRPR-3(N,2?) 060e10 ees
IFLOWL:#(N,42) oseses eee
STAINO M, 24) 06ee3 ees
MSTAB.I(m AS) 068040 eee
IF(MST1A.t1.0) STABIL-OE 06005 sees
IF(MSTAI.EG.1) STABIL-AIR;RS 06e060esees
IF(MSTAI.EO.2) STAI3L-DEUATR 960078 0ee
IF(MSTAD.EO.3) STABIL.GRDINJ 0seese oeee

c- ------------------------------------------------------ 060090 0eb
C CHECK IF SEGMENT IN SAME SHAFT AS PREVIOUS SEGMENT 060100 0000

11 IF(IPS.EG.NSHAFT) GO TO 160 060110 ee
C CONVERT STATIONING OF SHAFT TO INTEGER VALUES eselae eeep~s-~ry( ~r ,0601e30 eee

NPTS-SHAFTNSHAFT,2)001000
NPBS-SHAFT(NSHAFT,3) 060140 080e
STA.CNP(NPBS,1) 060150 eee
ISTA-STA/100. 060160 0000
ISTA2.STA-ISTA 190 060170 ease
ITEMS-ISTA2/10. 06e0s1 eee0
IHUNS-ISTA2-ITENS*1e 060190 ees
IHUMS-IABS(IHUNS) 068200 0000
DFS-SHAFT CNSHAFT, 7) 660210 800

C----------------------------------------------------------------------esoe2eO 0000
C CHECK FOR PORTAL 060230 000

IF NPORT.EQ.0) GO TO 112 060240 0000
URITE(LO,2200) NSHAFT,ISTA,ITENS,IHUMS,IELNPB,IADS 060250 0000
GO TO 20e 060260 0000

C ------------------------------------------------------------------- 060270 0000
C CHECK FOR DUM SHAFT 060280 0000

112 ISHAPS=SHAFT(NSHAFT 16) 060290 0000
IFCISHAPS.GT.0) GO f0 115 06030e 000
WRITE(LO 2100) NSHAFTISTA,TENS,>4USIELNPB,IADS 060310 0000
GO TO 206 0032e 00ee

c - ------------------------------------------------------------------- 060330 0e
C CALCULATE CONSTRUCTION TIME FOR THE SHAFT (CTS) 060348 0000

115 NSEGS.SHAFTChSHAFT,4) 860350 se0e
ICTS-e 060360 eee
MEXP-6 060378 eee
SETUSH-0.0 060380 0000
SETUP.0.0 060398 00e0
DO 129 I-,NSEGS 06e4e 000NN*N.!-1 860410 800e

CTSS.D(NN 40) 660420 00
MEX'(N,?) 060430 0008
NSSTYPel(N,15) 060440 ges

C CHECK FOR SHAFT MOT CONSTRUCTED IN CUT AND COVER 060450 0000
ZFCNSSTYP.NE.3) CALL SETUPCMEX,MEXP,SETUSHSETUPM,SETUPR, ITYPE) 06846e 000e

I20 ICTS-ICTS+CTSS ef070 000
ICTS-ICTS+14.*SETUSN+28.*SETUPM 060480 000

C------------------------------------------------------------------ 060496 0000
130 URZTECLO 222) spes00 0e

NLINES-NtINES*1 *6s6 4000
NSSTYP.I c,lS) 060520 0099
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HOURSSHNAFT(NSHAFT. ? 60S31 000
DAYPSSHAFT(NSHAFT 18) 06540 60e
IFCNSSTYP.E0.3) G TO 1s 6S55 ese
URITECLO.,001) NSHAFToNSSEG ISTA ITENS IHhJ6 IELNPILSEGL,DFS,Eo *60510 000
1201 ARANSULT TL IVSS.IVSR.lADS. lCTSS.CTS,PRML,HORS,DAS 06S570 0000IF(ANSTP.EQ.I) &0 TO 800 lesse "eto

C SOFT GROUND SHAFT 060580 0000
IF(MSTAB.NE.1) GO TO 140 060619 0000

C. COMPRESSED AIR US6D 00es0 6049
URITECLO 8003) STA3NO,STAIZL.AIRPRIFLOWL.GAMMA.PERM 060630 000NLINES.MLINES+i $60640 9000

C O TO aCE 060S1 0008
C O COMPRESSED AIR 060730 0000

140 URITE(LO 8002) STAMOPSTAIL, FLOWLGAMRMPERM 8607 000
NLINES-NLINES+1 06060 000
GO TO 200 06060 000

C ------------------------------------------------------------------ 060770 0000

c CUT AND COVER o6e710 00ee
1C 0 URITE(LGMENT4) NSHAFTNSSEG, RSTAIOTEUSEIHUMSNTEL6PB7LSE8L0FSTL, 060720 0000IIADS HOUASDAYS 060730 00e8

URITE(LO 215) GAMMAPERM 060740 0000
NLINES-NLINES+l 0609e e0e

C -------------------------------------------------------- 060970 0000

C THIS SEGMENT IN $AME SHAFT AS PREVIOUS SEGMET 060780 0000
160 URTECLO. ) 21 T 6 060870 0000

C LMES-SELIRES+ E 060880 000IF(NSSTYP.EO.3) GO TO 170 868810eees

LRITECLO 8011) NSSEGIELPLSEGFSoEBOA R,ARSULTTL, ISS, 060896 000
IESRINS 06093 000
IF(hSSTYP.E0.l) GO TO 200 060940 0000c ..................... ............................................ e 0e se e so

0 SOFT GROUND SHAFT 060860 00to
IF(PSTAD.HE.1) GO TO 1S5 060870 0000

C COMPRESSED AIR USED 06080 0e00
URITE(LO a03) STA3HO,STABILAIRPRoIFLOFL .GARM 06090 0000
1 LINES-NCINES+. 060940 0000
GO TO 200 060910 0ee

C NO COUPRESSED IR 6090 000
1 WRITE(LO 2802) STAAO,STBRIL,I FLOULoGAHM,PERM 060930 000

NLINES.NLmNES.1 06040 0000
GO TO asT 061010 0000

C- ---------------------------------------------------------------- 0 0961 0 ee
c CUT RD OVER U06040 0000

C70 MRITESLO $E) NSSEIELPD,LSEGL,FS,TL D06060 0e0
WRITECLO 1008) GAMMsPERM 0se9 ese
NLIES-CLONES+l 061070 0000

2 ET UPSNSHAFT 061010 0000URITE(LO,22a2) e6l9ae "ott

C-------- ---------------------------------------------- 0611030 04410

304 IF(IERROR.EG-0) RETURN 061040 0000
C FATAL ERRORS DETECTED WHICH MAY MAKE COST CALCULATIONS 0610se 0000
C MEANINGLESS. TERMINTE RUN AND GO TO NEXT SYSTEM DATA DECK $61060 0400

URITE(LO.108a) 061070 0400
CALL MWXET(LO.LI) e61886 0000

C RETURNl ms2ego "toe

(Cont inued)

A129

K.



CO T N 1. is -t i i ng, ( (>i~ ti iit 'd

c 061110 000

1080 FORMAT(/ 35H FATAL ERRORt HAUL SLOPE IN SEGMENT 16,9H IN REACH, 061130 000
1 16 48H RCEEDS 5 PERCENT --TOO STEEP FOR A TRAIN) 061140 066

1081 FORAAT(/ -FATAL ERROR EXCAVATED DIMENSION IN SEGMEN?,IS,'. IN 161150 0e6s
1REAOH1041.. IS TOO SMALL FOR A TRUCK USE TRAIN OR CONVE OR') 061160 000

1633 FORMAT(// IX 16(H)/1X'EXECUTION NALTED AFTER SUROUTINE 061176 0660
I CALOS DU& T6 ERRORS /IX.I10C90W) *611i* 0000

1613 FORMAT(/ FATAL ERROR, §L6PE'OF SEGMENT'.15 1IN REACH',15 061190 0000
I ' EXCEEb; 26 PERCENT --TOO STEEP FOR MUCK TAANSPORT METHOD§ Col. 061266 0060
ISIDERED') 061210 006

16ON FORMAT(/,' FATAL ERROR ALL TRUCK MUCK TRANSPORT IS SPECIFIED IN 061226 0606
1 SEGMENT',IS. IN REACAP.IS. IN WHICH COMPRESSED AIR IS USED') 661236 6666

1036 FORM~AT(/' Si; REMINDER **3 USE OF COMPRESSED AIR IN SEGMENT' 061240 0666
115 ' IN REACH' IS ' REQUIRES USE OF CONVEYOR-TRUCK TRANSPORT 4tT 061256 6666
aHabi RATHER'/26,'i'HAN INPUT METHOD') 0666 060a00 FORMAT(H,42(IH) C A L C U L A T E D S H A F T D A T A ' 9 61276 0666
146(iHX)// ' SHAFT EG STATION ELEU AT LENGTH SSHAFT DIMENShiIONS19 * 661280 066
a*ADVANCE AATES*X LINING *EXCAV VOLUME: SIZE OF CONSTRUCTION RML- 661290 060
3 HOURS DAYS"1I2X , ALONG BOTTOM (FT) FINISH EXCAU ExCALJ AVER 061366 6600
4AGE UNIFORM THI6K SOIL ROCK DISPOSAL TIME (DAYS) MAX PER 061316 066
5 PER"/12X,'TUNNEL OF SEG (FT) (FT) U/0.2. USED 661326 066
6 (IN) (CY/FT)(CY/FT) AREA SEG SHAFT (CY/ DAY UEEK 061336 e00e
7"1ax 'ALIGN.'g36X,'(FT/DAY1 (FT/DAY' 24 (ACRES)',16X 'HR)') 061340 0060

20FORMA~j1XI4,I 1I,*2IlI7,18,F7.2,AF6.2e2BFS.1,F9..1,I, 63606
IN2F F.1) 661366 0060

2602 FORAAT(a1X.FS.1D2X,A6,6X to IXF11 1,E9.2) 661386 6660
2a03 FORMAT(21X F5.1.2X AS F6.119:,X:Fit. E9.2) 061376 060
2004 FORMAT(IX 14 I5 I6.1H;i2I1I7 1 8 F7.kSX.F9.2,l4X,18,20X,2F6.l) 061396 6060
2606 FORMATISSk Fi 1Eg.2) 061466 6600
a#16 FORMAT( 53(2H!-,2H )/21X *ISSTABILIZATION*S* DEUATERING *SOIL 661410 6060

1 PROPERTIES*'.2lX,NUM3ER MEtHOD AIRPR (GPM/ 1 ELL) UNIT UT PER 061426 600
OM"/36X , PSI),.16X '(PCF) (CM/SEC),) 661436 000

2011 FORMATCX is SATO? a ,22F6 a 2S.F9.2,217,SX.18) 661440 6060
8012 FORMAT(SX.I5,8x.2I8.F7.2.23X;FO.2) 061450 060
M15 FORMATCIX) 061460 0000
a100 FORMAT(IX.131(lM-)/1X,14,SXI6,1H+,allI7,22X,' THIS SHAFT IS A 061476 6060

IDUMMY' 22X. IS 061486 6660
2200 FORMAT(lX,131c1H-)/lX.14,5X,16.±H,,211,I7,22xI THIS SHAFT IS A 61490 600

IPORTAL'.21X I8) 661566 600
822 FORMATC1X.1~l(iH-)) 061616 000
3006 FORMAT(H14(lH,' C A L C U L A T E D T U N N E L D A T A ' @61526 000

I 45(1H*)//I.. REACH SEG STATION SLOPE *TUNNEL DIMENSIONS* **ADUAN 061536 0009
26E RATES:: LINING *EXCAV VOLUMES PUMP PUMP CONSTRUCTION RML- 661546 0069
3HOURS DAYS'/12X 'AT LEFT LENGTH FINISH EXCAV EXCAU AVERAGE UNIF 661556 006
4ORM THICK SOIL ROCK FLOWJ HEIGHT TIME (DAYS) MAX PER P 061560 000$
SER'h12X.'OF SEG (FT) (FT) (FT) U/O.B. USED (I 061576 000
6N) (CYFT)CY/.FT) RATE (FT) SEQ REACH (CV/ DAY LJEEK''40X 061590 0006
7 0"(FT) (FT/DAY) (FT/DAY)' aSX '!GPM)' A!,X.HR)1) 061590 0000

3001 t RMAT(1X 14.IS.IS.lH+,2Il.I6,2h72,FS ~F8.1F9.IF9.2,.1I7,ISI7. 061606 00
1311 2F6.15 661610 6060

300a FORAAT(11X is IH+ 211 F7 I eX A6,F6.1,19 1X,FI.I E9.2) 061626 0006
3604 FORMAT C X, 4, 6,1IH6,2 116 BOX,Fu.1,F I1.gX, Ii a(,17,216,6X, 061636 600

IfFI.1) 6 i !061640 6060
305 FORPIAT(W XFS.1 2X A6 6Xto IXF11.1,Eg.8,F8.1,FU.2.F6.2,2F7.1, 061660 000

1F$.'T1I4' 'F6 8TIhi.' ) 661660 6060
3016 FORMAT( 33(&H-- hH 12X 'AIRLOCK ***STABILIZATION$** DEWATER 061670 0066

IING *SOIL PROPERTIES CONCAVTE *CUT AND COVER SEGMENT PROPERTIES 661610 0666
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a REJ '/I 'STATION NUMBER METHOD AIRPR (GPM/4ELL) UNIT WT 061690 *660
3 PE l M OX BASE SIDE SSUPORT LENGTH* IACKPL OPEH'/12X 06170 000
4'6G TUM'17X.'CPSI) SUMP(GPM/FT) (PCF) (CM/SEC) VOUME 61[ TH 061710 ease
SOLOPE SLURRY DECKED VOLUME LENGTH'/7?X,'(CY/FT) (FT wU 661720 0e0s
SAL SOLDIER (CY/FT) (FT)'//) @61730 000

3011 FORhAT(SX,IS,.6,1H42,1.16.BF. 2,PS.2 F6.1F9.1 F9.2 217 18,17,16) 061740 006
3014 FORPIAT(SX,15 I6,1H,2I1 16 a.SX Ffi 8g I1 2 x ,6) 0617S 000
3015 0 61769 000

IF$ ,.T11417') 70 0177
Co 661780 000

C 61306 000
RETURN 06180S
END 061316 e0e
SUBROUTINE SETUP(MEX.MEXP,SETUSH,SETUPMSETUPR.ITVPE) 061320 600

C -------------------------- --------------------------------------6 61830 000
C THIS SUBROUTINE COMPUTES THE NUMBER OF SETUP FOR SHIELD, MOLE, 061840 000
C AND RIPPER EXCAVATION 061850 0000
C - ---------------------------------------------------------------- 0 61860 0ee

IF(ITYPE.EG.2) GO TO 500 061870 eee
C TUNNEL 061980 0000

IF(MEX.LE.1.OR.MEX.GE.>i'/-EiO 600 061890 000
IF(MEX.LT.3) GO TO 100 061900 000

C SHIELD SETUP 661910 000
IF(SETUSH.GE.1..AND.(MEXP.LT.3.OR.MEXP.GE.6)) SETUSH*SETUSH+..2S 061920 ee
IF(SETUSH.LT.1.) SETUSH-1. 061930 000

100 IF(MEX.GT.3) GO TO 4S 061940 0e0
C - ---------------------------------------------------------------- 06195 ee@
C MOLE SETUP 661960 000

IF (SETUPP.GE.I.) GO TO 150 06197 safe
C FIRST MOLE SETUP 061980 000

SETUPMm1. 061990 e0e
0o TO 660 062000 0s00

150 IF(PEXP.EG.2.OR.MEXP.EG.3) GO TO 200 06291 0ee
C RESETUP 06220 0000

SETUPM.SETUPM+0.25 062030 e00
GO TO 60e 062040 000

C CHANGE CUTTER 062050 ease
300 IFLMEXP.NE.MEX) SETUPM-SETUPM+0.125 062060 0000

GO TO 60 062070 e00
C RIPPER SETUP 062080 0000

406 IF(MEX.EO.4) GO TO 600 062090 0e0
C RESETUP 062100 0se

IF(MEXP.NE.S.AND.SETUPR.GE.1.) SETUPR*SETUPR+0.25 062110 000
IF(SETUPR.LT.1.) SETUPR-1. 0622 000
GO TO s0e 062130 0e00

C - ---------------------------------------------------------------- 6 62140 0000
C SHAFT 06216 e0e

500 IF(MEX.LT.2) GO TO 600 062166 0000
C SHIELD SETUP 062170 00

IF(MEX.GE.3.AND.SETUSH.LT.1.) SETUSHvl. 06218 0066
IF(MEX.EQ.4) GO TO 600 062190 e0
ZF(SETUPM.LT.I.) GO TO SS @62200 200$a

C CHANGE CUTTER 062316 00
IF(NEX.EO.2.AND.MEXP.E0.3) SETUPMoSETUPM+4.125 e6222e 0se
0 TO 606 062230 000

C FIRST SETUP 062240 000S SETUPM.1. 06285 0 o
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60 MEXPsNEX 06260006
RETURN 0620090O
END 062230 a000
SUIROUTINE COSTTU(ACNP.SHAFT,TRDATA.CUISL.NTSMAX,NPMAX,NSMAX, 062295
INTRMAN.NSSMAX) 829

C COSTTU COLLECTS ALL OF THE TUNNEL COSTS AND OUTPUTS THEM 062300 Goss
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 062310 000

COMMON /A/ LO LI PM 0ON LIST(40) TITLE(160J.STAPEG.ITYPE 662330 SO0S
COMMON'G' TUNtC.fUmiC tUNMC TUNtC 662340 0000
DIMENSION IL(12) IE(Ih),IM(i2),CF(3) 0623SO 0000
DIMENSION A0NTShAX 68) CNPNPPMAX,2 ),SHAFT(N4SMAX,23). 062360 600
I TRDATA(NTRMAX,23),6UMSt(NPMAX) 062370 0000

C----------------------------------------------------------------------e062380 0000
INTEGER SLCPFSECPF,SMCPFTLCTEC TMC 062390 600
INTEGER TCES TCE TCM'L TCMT,TCMHTCADTCTSTCLTC~w, 062466 0900

I TCG.*CP,tCAC fSCPFo TSC 662410 0000
INTEGER RCL RCERCM.AcT 062420 0000
INTEGER TLJNLCTUNEC. TUHMC,TUNTC 662430 Me0

C----------------------------------------------------------------------6862440 One0
C CALCULATE TUNNEL COSTS A REACH AT A TIME 062450 0000

ITY'PE-1 062460 000
C 062470 0000

TUNLC-O 062480 0000
TUNEC-0 062490 0000
TUNMC-8 062508 0000
TUNTC-0021 00

C 062510 00
DO 950 HREACH-1,H7RMAX 062530 0000
IF(TRDATA(NREACH 1i.LT.-l0.E29) GO TO 950 062540 0006
tSIAFTTRDATA(hRfACH. 1) 062550 00100

- F.TRDATA(NREACH 2) 062560 0000
ISHAPEmTRDATA(NRtACH,3) 062570 0000
MTM-TRDATA(NREACH,4) 062586 0000
NRSEGL.TRDATA(NREACHS) 062590 0000
NSEGS.TRDATA(NREACH,6) 062600 0000
RMLMAXeTRDATA(NREACH,7) 862610 0000)
HOURS *TRDATA(NREACH 8) 662620 0000
DAY~S *TRDATA(NREACHN,1 062630 000
SETUSHoTRDATA( NREACH,.10. 062640 0000
SETUPM.TRDATA(NREACN. 11) 062650 000
SETUPR*TRDATA(NREACN. 12) 062660 0000
DTCA *TRDATA(NREACH, 14) 062670 000
DTC *TRDATA(NREACH. 15) 062680 0000
IF(ISHAPE.EQ.1) SFA-0.785 062690 0000
!F(ISHAPE.EG.1) SFPs3.14 062700 0000
IF(ISHAPE.EQ.2) SFA-.893 062710 000
IF(ISHAPE.EQ.2) SFP*3.S7 062720 0000
IF(ISHAPE.EQ.3) SFA*0.425 062730 0000
IF(ISHAPE.EQ.3) SFP*2.66 062740 0000

C 062750 000
14BOX *TRDATACNREACH 10 062760 0006
1F9UDT *TRDATA(NREA6H 11) 062770 0000
OFINT -TRDATA.NREACH.ia2 062730 0006
130X2 *TRDATA( NREACHD 13) 068300 Me0
TIMEDU.TODATACNREACND 14) 062790 SO00
OPEN sTRDATA( NAEACH4, 16 061310 000
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VDS &TRDATA(tIREACH a1) 662816 Me6
VwAEXeTfDATA NREA&t. 28) 062636 0606
V1ACDSwTRDATA CNREACH *232 062346 0o0t

C 062366 060
NP3SeSNAFT(NSHAFT 3) 062366 60
DDS&SHAFTCKSHAFT.6) 62876 000
CDSS4AFTCNS4AFT 6) 062960 060
HHwSHAFT(NS54AFT F2 0628S0 0400
NSEGSA- lABS NSE&S) 662966 6006

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 662916 seat
C DETERMINE NUMBER OF SHIFTS IN A WORK DAY 662926 006

SHIFTS-1. 062936 0069
IF(HOURS.GE.12.) SHIFTS-2. 062940 0006
IFCHOURS.GE.21. ) SeH!FTS-3. 662956 0006

C CALCULATE COST FACTORS FOR LENGTO OF W.ORK WEEK 062960 0000
IF(HOURS/SHIFTS.LE.B. ) CFL&WWK.6.08,0.192xCDAYS-4. )%x2 662970 0000

I *6.384*SHIFTS )SSHIFTS/HOURS 062980 oeee
IF(HOURS/SHIFTS.GT.B.) CFLWWK.O.?76.O.024*(DAYS-4. ),2 062990 060
I +0.048*SHIFTS)E(1.5-4.2SHIFTS/HOURS) 663600 000e
CFEUUKe 3.75+30./HOURS 2/DAYS 063010 000e

c ------------------------------------------------------------------ 063020 00oe
ALOCK- 1.0 063630 0000
CLIMD.0. 063040 000e
UCMCP.0. 063650 0000
IF(ISHAPE.EGO.OR.DTCA.EQ.O.) GO TO 5 06366 0000

C CALCULATE COST OF INSTALLATION OF CONVEYOR Im FREE AIR FOR 063076 0006
C CONYEYOR+TRUCK TRANSPORT. AND COST OF COMPRESSED AIR PIPING 663680 000

CALL CVINFA(A CNP,CUMSL.NHHNPBSNSEGSRMLMAX,DTCANRSEG, e63096 0060
I CLINiD.UCMCP. NTSMAX, NPMAX) 063166 060

C ------------------------------------------------------------------ 663116 66s6
C CALCULATE NUMBER OF AIR LOCK LOCATIONS AND LENGTH OF LOCK 063126 0000

CALL LOCKLTCA,NSEGSoRMILMAX.MTMALOCKoALOCKL,NTSMAX,NRSEGI) 063136 0066
C ------------------------------------------------------------------ 063146 0066

5 RL.0 663156 0000
DO 10 IJ:1 NSEGSA 663160 0006
IF(t4SEGS.G .0) I.NRSEG1.IJ-1 063170 0000
IFCNSEGS.LT.6) I.NRSEG1-IJ.1 063186 006
TSEGL.AdI 45) 063190 0000

16 RL-RL.TSE6L 063260e 000
C ------- ---------------------------------------------------------- 063210 0000

RCL .0. 063226 0000
RCE-0. 063230 00
RCMwe. 063240 0000
RCT-0. 063250 0000
hLINESw69 663266 0060

C 063270 000
C CALCULATE TUNNEL COSTS FOR EACH SEGME1NT 063290 6660
C 063296 6660
C 663300 6660

DO 966 I6*1.NSEGSA 663310 6060
C IsSEOUENCE NUMBER OF TUNNEL SEGMENT 063326 6600

I-MRSEGi+1S-1 663330 6666
NPS-A(I 17) 663346 606
IF~t4SEO6.GT.0) GO TO 116 0633S0 6060
IsmRSEG1-ZS+1 063366 900
NPSwA(I 19) 063376 660

It@ NPL 2)z~ 063336 00
NPR -ACZ 3) 063396 008
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ILNPL -CHP(NPPL.) 0 03400
ELNQ -CNP(NPR.iJ 063410 000
EALMG -6.SS(ELNPL4ELNPR) %34Q0 "ORSNA(I 9) 063430 "Of
RODeA(I ) 063440 000
RQX*.A?,7) *634S4 006

AReA( o1) 063456 O0
GIoA(I 9) 663470 006

C THE IAAIADLE FOR LINING TYPE IS CALLED LI(ONE)NI(OHE)NG IN THIS 063480 066
c .. .. .. 063490 000
C SUBROUTINE TO AVOID COMPUTER CONFUSION WITH THE CALL TO SUB LINING 063500 000
C UHICH COMPUTES LINING COSTS 063SI1 eee

LINING-A(I,10) 063S20 000
TL *A(I,11) 063530 000
TSEG -A(I,11) 063540 0ee
NOFORM- I.13; e63SSO 0090
ELWATR-A(I.14) 063S60 0000
LINWT -A(1,15) 063570 0000
NTSTYPA(I 16) 063S80 0000
IF(NTSTYP.E0.1) GO 70 115 063590 0000
NPLS -A1U,17) 063600 0se
NPRS -A(I.18) 063610 0000

C CALCULATE AVERAGE SURFACE ELEUATION 063620 e000
ELNPLS-CNP(NPLS.2) 063630 0000
ELNPRS:CNP(NPRS 2) 063640 0000
ELSURF 9.52(ELNALS+ELNPRS) 063650 0000

C DEPTH OF TUNNEL 063660 0000
DTUN*ELSURF-ELAVG 063670 0000

C CALCULATE DEPTH OF ROCK SURFACE 063680 0000
ELROCK*A(I 27) 063690 0000
DROCK-ELSUAF-ELROCK 063700 000

C 063710 0000
115 ELBOTM-ELAVG-O.StRE 063720 000

IF(ISHAPE.EO.3) ELDOTn-ELAUG-0.25*SE 063730 0000
C063740 0000

D1O *A(1,19) 063750 0000
PHI * A(I 20) 063760 0000
PERMPA I,29) e63770 06121
ISUPPT .A( 1,26 063780 0000
IIRACE-A(I,28) 063790 0000
IDEC-A I 29) 063900 0000
STABNO.ANi 30) 063810 0000
MSTAB@A(1. 1) 063820 0000
AIRPRAAI 31) 063830 0000
CAc T *Ad,35; 06384e 000
OT ,A(137) 063850 0000
O -A(I,38) 063860 000
BE *A(I,39) 063870 0000
3E40 *ACI,a4) 063330 0000

-E6 *A(I.41) 0638960 0ee
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30 *Ac 148) 063960 0000

06a A4(1:43) 96394se
INKQ *4(1,44) *639f0 000
PN .414663950 06W
HSKLPCA( 1,47) 063960 0060

"L A4(1,49) 063970 0000
v S4(1,51) 063980 0"0

C 063990 000
TOtBOXsAi( 1 43) 064000 0000
DRt4CH A 1,52) 064010 0000
SIDESL-A(I,S3) 064020 060
VIOX -A(1,54) 064830 0000
VL oA(1,SS) 064040 00
FORMAR.A(1,56) 064050 0000

C 064060 000
PH -A(I,57) 064070 0000
PIPL :A(I 58) 064080 000
FLOW *A(1:59) 064090 000
GIR -A1,0 064106 0000
FLOUL &A(1,61) 064110 0000

C 064120 0000
WED -A(1.,62) 964130 000
TPLATE&A(I.62) 064146 0000
UTWALE-A( 1,63) 064150 6006
WTSTRT*A( 1,64) 064160 0000
UTANCH A(I 65) 064170 0006
UTSP .;(1 66) 06419 0000
uTSPD A (t.67) 664190 0666

C064200 0000
WELLS -A(1,68) 064210 006
SPDLT oAdI,38) 064220 0000
DSLURV.A( 1.38) 064230 000
PSOIL -A(1,63) 064840 0000
PUATER-A( 1,64) 6642590 600
PTOTAL-A( 1,65) 064266 0006
14ATER&P&( ,23) 064270 000

C-------- ----------------------------------------------------6064290 0600
C LABOR COST FACTOR IN COMPRESSED AIR 064290 0000

CFLCA.AIRPR*2/49.+1 .S 064300 0000
IFCMTSTYF.NE.2.OR.AIRPR.LE.0. ) CFLCA-1. 064310 0000

C COST FACTOR FOR TRAVEL TIME TO THE FACE 064320 000
Y*0.3:SHIFTSVc0.76+0.024*flAYS-4.)tU2.0.048*SHIFTS) 064330 0000
IF(HOURS/SHIFTS.LT.S. ) YOt'S.:MOuRS/SHIFTS+..2DM-8. )/DF 064340 0000
IFCV.LT.G.) Ya6. 064350 0000

C IF(NTS'TYP.EO.3) YO*0. 064360 $000
c 064370 000

CLESo0. 064330 0000
CEE~eG064400 00

CMESs$. 064486 0000
CLAC-6. 064410 0000
CEACo0. 064420 0000
CM4Ces. 064430 0000
IFCIHSTYP.EQ.3) GO TO 760 064440 $000
IFCPISTAI.NE.1)' 0O TO 760 064450 060
IF(IS.NE.1) G0 TO 700 064460 00"
DLOCiCa0. 064470 000
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NPLOCKo ASS(A(I,36)) 064480 eses
DTHLOKuNI4 064420 0565
PUMPLT-DTHLOK+DM*5EIO. 064500 sees
GO TO 755 0645S se0s

C CALCULATE LENGTH4 OF PIPING FOR COMPRESSED AIR a64520 see.
706 IF( AIS(A(lI 36,).EO.MPLOCK) GO TO 720 064530 0ees

NPLOCK. A aS(AW 3) 06454e090Pe
DTHLOK*CMP(NPS ) -CNP(NP.OCK 2) 064550 0000
DLOCK..ADS(CUMSL(NPLOCK ,-CUMSC(NPRSJ ) 06S~e 00es

786 PUMPLT*DMSEU. -DLOCK+DTHLOK s64S7e 0ee0
IF(DLOCK.GT.O051) HSFA.(CN4P(r4P352)-CPcNPLOCK,2; /'LCCK 06458e sees
HSCA-(CNP(NPLOCK,2)-ELA G)/(DMI52 O.-DLOCK) 064590 0ees

c ------------------------------------------------------------------ 064650 ese
C CALCULATE SETUP COST FOR TUNNEL SEGMENT I 06461e00see
7SO CALL CSETUP(A S,NSEGS,MRSEGI BE H14.ITYPE I SETUSw-,SETUP!OSETJPR, 06462e00ese

I CLESCEES,CMfSCFLU KCFEUUK.N*STVPDSE,MES,DRES,NTSAXNSS9AX) 064630 0000
C---------------------------------------------------------------------- 0646400000
C CALCULATE COST OF EXCAVATION INi TUNNEL SEGMENT I 06465e00ese

CALL COEX(CLE EE,CME,ITYPEM~E~ AR BE PS iSHAPE SFASFP, 064660 0000
I PS6!L,STA9NOCTRNCm 6ROCK SDSLUC )Box ~ CCP 064670 0000
2 DCNHUS eMMt~CL,,CL KCEtTTP64680 0000

C----------------------------------------------------------------------5064690 0080
O CALCULATE COST OF MUCK LOADING IN TUNNEL SEGMENT I 064700 0000

CALL CMUKLD(CLMLCEMLCM LITYPE MEX AR D,V,.RMLRMLMAX, 064710 ease
1 MSTABCFC-ACFtUUK;CFtUUJK,HOURS) 064720 see.

---------------------------------------------------------------------- 064730 esee
C CALCULATE MUCK TRANSPORTATION AND HOISTING COSTS FOR 064740 0000
C TUNNEL SEGMENT 1 664750 0000

CALL CMTAH(CLMT CEMT,CMMT,CLMH CEMH CMMH,ITYPE MTM DM AR 064760 0000
IHSFA,V,HIH.L1NlN6 RML RMLPIAX HSLOPE 6E ISH4APE RL UCLT LCE+ Y CLMH4. 064770 0000
2HSCA UCEMH MSTAB'DLO&K CLIN6,HOURS:,P&NDCEN*,ufAACEX,UBACbS,DOX, 064780 0000
3 O0L,.UkOCK,TbTBOX,6FLWWKCFEUUKCFLCA,DDS,NTSTYPDTRNCH,DROCK) 064790 0000

C---------------------------------------------------------------------- 064800 se00
C CALCULATE MUCK DISPOSAL COST FOR TUNNEL SEGMENT 1 664910 0000

CALL CMUKDP(CLMD,.CEMD CMMD AR V CDS DDSVDSNTSTYP,HOURS, 064820 0080
I CFLUUK,.CFEUWK. IfYPf) 664830 0000

C ------------------------------------------------------------------5064940 000
C CALCULATE COST OF TUNNEL SUPPORTS FOR TUNNEL SEGMENT 1 064850 Sees

IF(LlN1NG.EO.4.AND.NTSTYP.EO.1)GO TO 1900
IF(LIN1NG.NE.4.OR.NTSTYP.NE.1)GO TO 200

1900 CALL ROCK(CLTS CETSCMTSfROD MEX ISHAPE BE .AR RS SE40,BE60,
IITYPE V 'NSTY9P bF ISUPPT iLAtE TgEG PSOHL,4EB.PTOTAL,
23OB.LtNUT,MSTA3.6 FLCAH 6URS,CFLLJK,6FEwUKSFALINING,DM,
3CLL CEL CML,CLFW.CEFW,CMFU)
GO *0 2900

260 CONTINUE
CALL CTSUP(CLTS CETS CMTS ROD MEX ISHAPE BE AR RS DE40 RE60 ITYPE, 864860 0000
I Y DM NTSTYP,3F,IiUPPTTPLATE +SEG PS6IL WEd PfOTAL 39 LINIT, 064970 0000
a MgTAfi CFLCA OURS CFLWK CFE~IuKDLURV ;TRNEH IDECK OR6CIC, 06489,00555
3 UJTSTRtLJTUALESPDLTWTSPLDwTSPuTANC,OTOX, IRACESFA) 06499 0000

C-----------------------------------------564900 5555
C CALCULATE COST OF LINING AN4D FORMLJORK IN TUNNEL SEGMENT 1 064916 6050

CALL LININGI(CLL,CELCML CLFW. CEFW CMFW ITYPE LINING RGODP1EX. 064920 0055
IWER TL $03,20348,2F Y DM O36& ,ISHAPE 3f!UCLTUCET M+M, 064936 006
alUCkAH CEMH SFA NOF6RMA A;!TSTYP,PSOILPWATER , JL.StP, 0649450600@
WO0R1AA.OUlR&. CFtCACFL6JI, CFE~lJ) $64946 6560

c 5 0 CONTINUE -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - 4960 096
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C CALCULATE GrOUTING COSTS FOR TUNNEL SEGMEN' 1 64976 6060
CALL COROt( CLG. EG CMG ITYPEGI ISHAPE BE ARt PS,NTSTYP.MSTAI, 64988 0006
1DTUN.e44.H6URS.CFLUkCEJKIC.SEGt.PtR'1.SFP.DTG.TIMEG) *64996 ease

C ------------------------------------------------------------------@s65666 6666
C CALCULATE COST OF PUMPING FOR TUNNEL SEGMENT 1 665616 6666

CALL CPUMPCCLP CEP CMP.NTSTYPFLOU JPH PIPL AR, ITYPE, *65026 6666e
I E LSURt ELiOTM DAYS LINING.PUAPTM AEx DTRNCH DROCK.FLOUL, *65030 0008
a WELLS ,AL.TIMEtW,ISPPT,ELUATR,ELNP.1tUATEQ,6FLUWK,CFEU) @65046 006

C------------ ---------------------------------------------------- 065656 see6
C CALCULATE COST OF AIR CONDITIONING AND COMPRESSED AIR FOR TUNNEL W6566 ee
C SEGMENT 1 0650?9 see6

CALL CAIRC(CLACCEAC CMAC 0 OT BE BF AR HOURS*CDTCAPMPLT.DM ITP 65080 6666
I AIRPR. S A,ISAAE AH +O S L TTP.SA +TPE 6666f
2ALOCKL,UCMCPCFLUUKCF ULK bAYS,v.PERM) OSISOe 0ees

c----------------------------------------------------065118 6060
C 065126 0000
C 665136 006
C----------------------------------------------------------------------89651406see

IF(LIST(6.).EQ.1) GO TO 910 0G51se 00ee
IF(hLINES+18.LT.60) GO TO 810 065168 00ee
IJAITECLO,l~O 16 65176 0660
NLINES*6 665198 0000

C----- ---------------------------------------------------------- 065196 ease
C CALCULATE COST FACTORS 065289 0ee9
ale POP-(.+..6.*OM)3(1.+..81PM) 065210 ol6o$

C CF(I),CF(2) AND CF(3) ARE COMPOSITE COST FACTORS FOR L, E, AND M. 065220 6666
CFL*SHAFT(NSHAFT, 12) 065246 6608
CFE*SHAFT(NSHAFT, 13 6S258 6666
CFM-SHAFT(HSHAFT, 14) 06526 666e
RCF*SI4AFT (NSHAFT 1S) 52000
CF( I)-POP*CFL*WC 865278 0068
CF(2 * POPSCFE*RCF 065288 600
CF(3 )*POPSCFM*RCF 065299 6068

C--------- ------------------------------------------------- 065390 6006
C MULTIPLY BY COMPOSITE COST FACTORS AND THEN OBTAIN SEGMENT 065310 0000
C COSTS PER FOOT TO THE NEAREST DOLLAR 065328 0668

IL( 1,.CLESSCFC11+.S 065330 00
IE( 1soCEESSCFc2).5 06S349000es
INC 1)oCPES*CF(3)+.S 065350 008
IL( 2)-CLE SCFt). 865360 060
ZEC 2)-CEE *CFC2). 665376 8660
INC 2)-CAE SCF(3. 665386 060
IL( 3)*CLMLSCFUI). 665396 6666
IEC 3)*CEML2CF(2>+.S 665466 00
IM( 3)oCMMLCF3..S 65410 0666
IL( 4)oCLMTSCF(I). 865426 060
IE( 4)*CEMTSCFC2I. 065430 6666
IMC 4)*CMMTtCF(3)+.S 065446 ease
IL( 5)*CLMH*CFCI).S 654560 600
ZE( 51*CEMH*CF(2+.5 66466 8666
IM( 5)oCPMH*CF(3)+.5 665470 $66
ILC 6)oCLNDICFC1).5 065486 66,06
IE( 6'eCEMDSCF2)+.S 66496 600
IMC 6)*CMMD*CFC3)+.5 6666 0666
IL( 7)sCLTS*CFC1)+.5 6616 6606
IEC 72.CETSSCFCB)+.S 665526 6666
IPC ?)@CMTSSCF(3)+.S 66536 066
IL( 8)*CLL SCF(1)+.S 665646 066
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MC UeiCEL SCFC).. 065550 3806
IM U*CML BCFC3)+. 065660 00

IL )mCLVUOCFC)+. 06SS70 0066
it(( 9 e~f C U U CF(V+.. 0655 8 0 0000
MC U -CMFUCF(3)+.g 46SSOO a068

ILC16)eCLG SCF(1)+. 065600 0088
JEC10)-CIG SCF(U)+.S 065610 0068
I1q(1S)mCMQ *CF(3)..S 065620 0006
IL(l1)mCLP 3CFCI)..f 06S638 0090
I CII).CEP *CFCO)..S 065640 0660
1N(11)wCMP SCFC3)+.. 065650 000e
1L(l)CLAC*CF(1 )*.S 065660 t06@
ZE(12,.CEAC*CFCI)+.5 065670 000
IM(12).CMACSCFC3 2+.6 065680 0000
-- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - - 06S690 0000

C CALCULATE SEGMENT COST/FOOT FOR LABOR, EQUIPMEN"' AND MATERIALS 065700 0800
SLCPF.0 065710 6886
SECPF.0 065720 0000
SMCPF*0 065730 0000
DO 31S LL;1,12 065740 0000
SLCPF*SLCPF+IL(LL) 065750 0000
SECPF-SECPF.IE(LL) 065760 0008

816 SMCPF.SACPF+!NCLL) 065770 0000
TSCPFeSLCPFeSECPF+SMCPF 065780 0000

C ------------------------------------------------------------------ 065796 000
C CP ,CULATE TOTAL SEGMENT COST/FOOT FOR EACH COST COMPONENT 065880 000

TCES - IE( 1)+ZM( u)+IL( 1) 065816 e008
TCE - 1E( 2*1NM 2)+IL( 2) 065820 0000
TCM. - IEC 3)+IM( 3).IL( 3) 065830 0600
TCMT - IE( 4)+IM( 4)4fL.( 4) 065840 0800
TCMH - IEC 5)+ZM( 5)4IL( 5) 065856 00ee
TCMD - IEC 641M( 6)+ILC 6) 065368 0080
TCTS - IE( 7)+!M( ?)+IL( 7) 065876 0008
TCL - 1E( 8)4IM( 8)+ILC 8) 065886 0000
TCFU - 1E( 9)*IM( 9)+IL( 9) 065890 080t
TCG a IE(102.IM(10)+IL(19) 065900 0800
TCP - rE(11).IM(11)+ILC11) 065910 8000
TCAC - IE(12)+IM(12)+IL(12) 065920 0606

C--- --------------------------------------------------------------0$65930 0808
C CALCULATE TOTAL SEGMENT COSTS IN THOUSANDS OF DOLLARS 065948 060

TLC a SLCPF*TSEGL/1000. 065950 008
TEC - SECPF*TSEGL'180. 065960 0008
TMC a SMCPFtTSEGL'1060. 865970 0000
TSC a TLC+TEC+TMC 065988 0000

C ------------------------------------------------------------------8065990 0080
IF(LIST(6).EG.12 GO TO 846 06660 00 o

C URITE OUT THE SEGMENT COSTS FOR LABOR, EQUIP, MAT, AND TOTAL 066810 0000
ITSEGLeTSEGL 866826 00,00
NTSEG-A(Z,1 )066630 00"
WRITE(LO.181) NREACH.NTSEG.CILCJJJ.,Jjjp1.12. SLCPF.TLC 066040 000
URITE(LO lose) (IECJJJ),JJJ.1,12),SECPF,TEC 066050 0000
URITE(LO.14032 (IM~JJJ JJ;i a SMCPF,TMC 866060 000

URTCO1004) TCES TCE TCM TMTCtiCM*,TCL,TCFW. 066070 0060
ITCG,?CPD+CAC,T:CPF.ITSE&L, :uC ::::0

C 066010 0000

C ACCUMULATE TUNN4EL SEGMENT COSTS INTO COST OF REACH 066120 0000



140 RCL-mCL+TLC 066130 000
RCE-RCETEC 066140 0030
RCM-RCM+TMC 0661Se 0eO
RCTwRCL+RCE.RCM 066160 0000

C END OF COSTS ON A SEGMENT BASIS 066170 0000
ON CONTINUE 066180 0000

c ------------------------------------------------------------ ---- ess ge 800
C LIST OUT REACH COSTS 066200 0000

860 IF(LIST)6).EO.1) GO TO 860 066210 00e
WRITE(LO 1007) SHAFTCNSHAFT,12.,RCL, SHAFT(NSHAFT,1S), 066220 0000
I SHAFT(NS AFT, 13).CESHAFTTsHAF ,I4;,RC .CFLWWK,P TCREUWK 066230 eeo
NLINES-NLINES.7 06624e 0000

C 066250 0000
c ------------------------------------------ - ssee 0eoe
C ACCUMULATE COSTS OF ALL REACHES 066210 0000

860 TUNLC.TUNLC+RCL 066280 000e
TUNEC.TUNEC.RCE 066290 0000
TUNMC=TUNMC+RCM 066300 0000
TUNTC=TUNTC+RCT eC6310 000e

C 066320 00
TRDATA'NREACH,!7j-RCL 066330 0ee
TRDATANREACH.18).RCE 066340 0e
TRDATA(NREACH,19)-RCM 066350 900e
TRDATA(MREACN.20)-RCT 066360 0000

C END OF COSTS ON A REACH BASIS 066370 0000
950 CONTINUE 066380 0000

RETURN 066390 0eee
C 06640e 0000

------------------------------------------------------------------- 0664 10 ee
C ------------------------------------------------------------------ 066420 0000
1900 FORMAT(IH,47(CH:),27H 7 U N N E L C 0 S T S 46( HS)// 066430 0000

1129H REACH SEG ** IU*BElz2 COS' IN DOLLARS 4ER FOOT OF TUNNE 066440 0000
2L i*ISZ IU*II$I* SEG SEGMENT SEGMENT / 066450 osee
3120H NO NO EXC EC MUCK MUCK MUCK MUCK SUP- LIN- 066460 0000
4LIN GROUT PUMP- AIR- COST LENGTH COST / 066470 0000
S120H SETUP LOAD TRAN HOIST D1SP PORTS ING F 066480 0000
SORM ING COND (S/FT) CFEE' (i1000) 0664ge 0000
7 /.1 .119(IH- ) 066500 0000

1001 FORAAT('/lX,13.I5 2H L,1316 8XI12) 066510 0000
1002 FORMAT(9X, 2H E,.:316,x,.12) 066520 000e
1003 FORMAT(9X, 2H M,13i6.8x,112) 066530 0000
1004 FORMAT(9X, 2H 7,1316,18,12) 066540 0o00
1007 FORMAT(IX119( l -) //, qX 14HREGIONAL COST 6x ,eHCOST INDEX iOX, 0665s0 0000

1 1OH -- LABOR F4.2.5K,31HTOTAL REACH LABOR C&ST ......... I9/ 066560 000
2 9X.gHFACTOR ,fS. , 6X l0HEQuIPMENT FS.2.Sx 066570 000
3 31HTOTAL REACH E6UIAMENT COST..' 066580 0000
4 49X,IHMMATERIALS ,S 2 ,sx 31HTOTAL REACH MATERIALS COST..' 066590 0000
5 43X 16ILABOR WORK WEEK F4.2,SX, 066600 0ON$
6 31HtOTAL REACH COST ............... I9 066610 6000
7 43X,16e4EGUIP WORK WEEK FS.2) 066620 0000

C-------------------------------------------------------- 06663$ 0000
C 066640 0000

END 066650 0000
SUBROUTINE COSTSF( BCNPSHAFTTRDATA.NSSMAXNPMAX,HSNAXNTRMAX, 066660 0000
INTSRAX)

C NIA ------------------------------------ 066670 0006
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C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 066686 sees
C COSTSF COLLECTS ALL OF THE SHAFT COSTS AND OUTPu'S T04EM 066620 0000

C---- -------------------------------- ---------- 06679e 90
c---------------------------------------------------------66716 0009

DIMENSION IL(1l ' IE(l1 ) IMCI1 ",CF(3) 066720 sees
COMMON /A/ LO LI PM OM~ LIST(40;TL(6)Y3GTP 7690
COMMON/c/ TUNCC +UmtC I UNMC,?UNC 066750 s0ts
DIMENSIONi 3(NSSAX),43),CNP(NPMAX,2).SHAFT(NSMAX,2-3),'RDATA(NOMAX. 666766 60e6
I a3) 6 66770 0696

C---------------------------------------------------------------------- 066786 ease
INTEGER SLCPF SECPF SMCPTLC TEC,TMC 666796 06se
INTEGER TCES THE TCML. TCMH.TCMD,TCTS,TCL.TCFL.7CP,-CAC, 066866 00at
I TCG ' SCPf TSC 68000
INTEGER SOL SCEStM,SCT 066810 00
INTEGER TLJNLC TUNEC TUNMC TUNTC 066930 9690
INTEGER SFT LSF ~CSFTfMC,SFTTC: 066840 06000
INTEGER TLA3OR TEGUIP. TMATERTOS 0ros66890 069
INTEGER RCLRCI.RCM.RCT 066859 0090

C----------------------------------------------------------------------906687099ase
C CALCULATE COSTS A SHAFT AT A TIME 066880 0699

Y-.0 066890 0099
ITYPE-2 066990 6969

C 666910 0060
C 066920 0999

SFTTLC-@ 966939 9099b
SFTTEC-e 666940 900
SFTTMC-0 066950 0a9e
SFTTC-0 066969 0090
DO 956 NSHAFT.1..NSMAX 066970 0699
IF(SHAFT(NAFT,1).L r.-19,E29)) GO TO 950 066980 9690
3F.SHAFTCNSHAFT,7) 066990 090
NSSEGI1.SHAFT(HSAAFT.J 1 6709009s
NSEGS.SHAFT(NSHAFT 4) 067919 9699
RMLMAXwSHAFT NSHAF+. 10) 067020 0600
DDS*SHAFT(NSHAFT5.) 067030 000
CDS-SHAFT(NSHAFT,6) 967940 0699

C 067969 0600
ISHAPSPSHAFT'ISHAFT. 16) 967969 0096
HOURS oSHAFT(MSHAFT,1?) 061010 0909
DAYS PSHAFT(MSHAFT. 18) 067086 0099
NPORT -SHAFT(NSHAFT,23) 06799 0000
SFA*0.785 967106 0090
SFP-3. 14 067110 0006
IF(ISHRPS.EO.2) SFA-1.9 067120 9090
IF(ISHAPS.EQ.2) SFP.4.0 067139 0009

C DETERMIN4E NUMBER OF SHIFTS PER WORK DAY 067149 0090
SHIFTS-1. 0671S9 0600
IF(HOURS.GE.12.) SHIFTS-2. 667169 6000
IF(HOURS.GE.21.) SHIFTS-3. 667179 6060

C CALCULATE COST FACTOR FOR LENGTH OF WORK WJEEK 067186 s660
IF(HOURS/SHIFTS.LE.B.) CFLUWKt(f6.9+.i92ztDAYS-4. )*S 967190 6090
1 +0.384*SHIFTS)*SHIFTS/HOURS 667296 6660
IF(HO)JRS/SHIFTS.GT.B.) CFLUWK.(6.76+06249(DAYS-4. )*8P 67216 $$0f
I *6.0483SHIFTS)S(1.5-4.tSHIFTS/'HVURS) 067220 6000
CFEIAK. (3.75+30./HOURS 'DAYS 667236 6666

C----------------------------------------------------------------------6067246 6669
C CALCULATE LENGTH OF SEGMENTS REQUIRE GROUTING AND PUMPING 967259096

DTGw8. 667260 6986
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S ol. 06'7276 NO*
10 NN-1 NSEGS 067a80 000

II'sKg01AN-1 047290 0e00
MOTAB, (II. 3) 067300 0000
SSEOL .3(Ii,35) "7310 000
HNH -(11.36) 067326 000
FLOIL-l(II 42) 067330 se0s
IFCFLOUL.GT.e.) DTP'DTP SSEGL 067340 060
IFCMSTA3.NE.3.OR.HH.GT.a90.) GO TO 10 0673SO 0000
DTO-DTG+SSEGL 067360 ses
TIMEG-O.33+(HH.0.S*SSEGL)/80. 067370 600

10 CONTINUE 067380 0006
C ---------------------------------------------------------------- 067390 006

SCL*-. 067400 0000
SCES-. 067410 0000
SCM8. 067420 00"
SCT-e. 667433 0000
KLINES,60 667446 000

C 0674SO 0003
C CALCULATE SHAFT COSTS FOR EACH SEGMENT 067460 000
C 067470 0000
C 067480 0000

DO 900 ISS-tNSEGS 067496 0000
C ISEGUENCE NUMBER OF SHAFT SEGMENT 667se 000

IoNSSEGI+ISS-1 067S16 000
C CHECK FOR A PORTAL OR A DUMMY SHAFT 067520 000

IF(NPORT.EG.O.AND.ISHAPS.NE.6) GO TO 67 067530 0000
C THIS SHAFT IS A PORTAL OR A DUMMY SHAFT 067S49 000

IF(LIST(7).EQ.e) WRITE(L0,300) NSHAFT 067550 0006
GO TO 860 067156 0000

67 NP3- (14) 867S79 000
ELNP3,CNP(NPB,2) 067S86 000"
RS-A(I 5) 667S96 000
ROD.B(f,6) 067600 0006
MEX-RCI 7) 667610 000
AR-9(I,8) 067620 000
GI-B(I 9) 067630 000

C THE UAIABLE FOR LINING TYPE IS CALLED L1(ONE)NI(ONE)NG IN THIS 067646 0666
C -- -- -- 067650 000
C SUBROUTINE TO AVOID COMPUTER CONFUSION UITH THE CALL TO SUB LINING 067660 0000
C WHICH COMPUTES LINING COSTS 067670 0000

LMIlNGI3(I,10) 067680 000
TL-81,U1 067690 000
TSEC a3(I,11) 067700 000
NOFORM-B( )I. 067710 6660
ELiATR'"dI,13, 66770a6000
LIhUT -B(1,14) 067730 0600
NSSTYP-3( IS) 067740 000
Die .B(I,16) 667750 00

C 067760 0060
PHI -3(1,19) 067770 0060
ELIMP -2(1,20) 067730 000
IUATERef(I,1) 067790 006
ISUPPT3 d( 22) 067860 060
PER I.31,2) 067810 0000
STANO:I(I,84) 06786 00
MSTAB -I'3(1 ) 067830 060
AIRPR 93(1.a?) 667840 0006
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C 1( 9 678560 000
3f *(I02) 067367e**a30

If 3( 21.3 0679 e8g.
1W 3:1.11) 0679e 000
MEL 3(1 33) 667930 0600

1*01" 3(1.36) 66794e 00
PHDC 6 067950 of60

:1 .(1 35) 067930 06009
2 .(1:36) 067970 000

WED .3(1 37) 067930 0000
u .ATE ( 1.38) 067990 0000

FLOWL .3(1:42) 068000 000
C 068010 000

PSOIL .3(1.30) 069020 0800
PTOTAL.ICI.31) 068030 0000
PUATER;2( 1,43) 08040 0000

C LABOR COST FACTOR 1N COMPRESSED AIR 069050 0000
CFLCA-AIRPR**2/400.+1 .5 068060 0000
IF(NSSTVP.NE.2.OR.AIRPR.LE.9.) CFLCA-1. 068070 0000

C 069090 0080
c ------------------------------------------------------------------ 069090 0000
C :ALCULATE SETUP COST FOR SHAFT SEGMENT 1 068100 000

CALL CSETUP(A 9 NSEGS.NSSEG1,BE HHITYPE I SETUSHSETUPM,SETUPR. 063110 0000
1 CLESCEESCMtS.CFLUuKCFEuuKNiSTYPDSE4.DMSDRESNTSMAXNSS AX) 068120 0000

C-------------------------------------- 063130 0000
C 068140 0000
C CALCULATE PUMPING TIME 068150 000

PUMPTM*0. 068160 0000
IF(FLOUL.LE.0.) GO TO 780 068170 000
PUMPTM.(5..14.:SETUSH+29.:SETUPM )/DTP+7./DA'95/AR 063190 0000
AL*2.*HOURS 06819, 6000

IFCLINING.Eg.1) PUMPTM*PUMPTM.(30..SHAFT(NSHAFT.8')/AL*7./DAYS) 068200 000
IF(LINiNG.EQ.2) PUM'PTM.PUMPrM*30./DTP 068220 0000

700 CONTINUE 068230 000
C-------------------------------------------------------------------0$68240 0000
C CALCULATE COST OF EXCAVATION IN SHAFT SEGMENT 1 068250 000

CALL COEX(CLE CEE CME ITYPE MEX AR BE RS ISHAPS SFA SFP, 068260 0000
I PS6IL 9TABAO,DTRNCHtbR08K 4IDfSL VBOX vS61L UROCKPHI. 068270 9000

2 DCENT.HOURSY,DM. MSTABCFLCA,CFLUWK.CfEUUK,4SSTYP) 063280 0000
C-------------------------------------------868290 0040
C CALCULATE COST OF MUCK LOADING IN SHAFT SEGMENT 1 068300 0000

CALL CMUKLD(CLML.CEML CMML ITYPE MEX AR DM U.Y RML,RMLMAX, 068310 0009
I MSTA3.CFLCA.CFLWKCFUkHO6RS) 063320 0009

C---------------------------------------------------6330 600
C CALCULATE MUCK HOISTING COSTS FOR SHAFT SEGMENT I 068340 *00

CALL CMTAH(CLMT CEMT CMMT CLMH CEMH CMMH ITYPE MTM DM ARA 061350 0006
IHSFA V HH.L1N1N6 RML RML1AX HSLOPE kE ISAAPS RE. UCLT UCE, YUCLMH, 068360 006
eHSCA U6EMA MSTAB DLOUK CLIN6 HOURS:OPN DCEN+,ViACEX:VDACbSVBOX.* 061370 6666
3 V601L.UAOCKT6TBOX,6FLUWK.CFEUUK.CFL6A.DDsNSSTYPDTRNCHDROCK) 06338900666

C CALCULATE MUCK DISPOSAL COST FOR SHAFT SEGMENT I R646 0006
CALL CMUKDP(CLMDCEMD.CMMD AR VCDSDDS.IJDS.NSSTYP.HOURS, 063410 000
I CFLUkCFEJUK. IfYPt) 063486 000

(C0o1t inued)
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C --- ...-------------------.. . .. . .. . .. . ..-- 3-- 0 6 0
C CALCULATE COST OF SHAFT SUPPORTS FOR SHAFT SEGMENT I K23444 *60

CALL CTSUP(CLTS,CFTS CMTSRQD MEX ISHAPS BE AR RS .E'03E66 ITYPE, 06845a *00*
1 ;oND .NSST%'PFIUPPT.TPLATETSEG PSOUL.WU6.PTOTAL,103 LINUT 068460 0600
a ?AbkCFLCAMHORSCFLUWKCFEWKK, LURY 6TRNm - ID CK,DR6CK, 668470S00
3 UTSTRT.fITWTLE,SPDLT.UTSPf,UTSP.WTANCHOT3OX, IRACE,SFA) 68480 00"

C -------------------------------------------------------------------*8490 6060
C CALCULATE COST OF LINING AND FORMUORK IN SHAFT SEQMENT I 063isS e000

CALL LININGI(CLL,CELCMLCLFW CEFU CMFU ITYPELINING RODMEX, 068510 00,,
IWED TL 309,10340 IF V DM 30166 ISHAPS I.UCLTUCET MM, @68S2 606
tUCLA, 6CER. SFA AOFO6,8AR,3SST0P,PSO*L,P*ATERULS*P, "85S @ 000
3FORNAAMOURS,CFLCA.CFLUWUKCFEUUK) Sss46 e0e

C------------------------------------------------------ 68SS6 600
C CALCULATE GROUTING COSTS FOR SHAFT SEGMENT I 68S6 0000

CALL CGROUT(CLGCEG CPG,ITYPEGI ISHAPS BE AR RSNSSTYP MSTAB 668S74 0000
I DTUNHH.H6URS.CFLUUCUWdKSSGL,PtRMSFPDT,TME6) 068584 0000

C - ----------------------------------------------------------------- 6 esesge 000
C CALCULATE COST OF PUMPING FOR SHAFT SEGMENT I 068600 0006

CALL CPUMP(CLP CEP CMP,HSSTYP,FLOUPHPIPL AR,ITYPE, 068610 000e
I ELSUR0 ELiOTM DAYS L1N1NG,PUAPTM AEX DTRNCH DROCKFLOUL, 0686E 0000
a UELLS,AL,TIMEbU.ISUPPTELATR,ELPB,,ATERFLUUKCFEUUK) 068630 0066

C .................................-------------------------- 6 8646 0066
C CALCULATE COST OF AIR CONDITIONING AND COMPRESSED AIR 06865e 0006
C FOR SHAFT SEGMENT I 068666 0000

CALL CAIRC(CLACCEAC CMACO.QT,BE OF AR HOURS NSSTYPMSTAI ITYPE, 068676 000
I AIRPR, SAISHAPSHN 6AU ALOCK DtC DTCA.PUMPL+,DM, 068680 0000
a ALOCKL.UCMCP.CFLUUK,CFtUUKBAYS,Y:PERA) 068696 GO6

C - ---------------------------------------------------------------- 068700 ees
C 068710 0006
C 668720 0066
C ------------------------------------------------------------------6068736 0000

IFCLISTC7).EQ.1) GO TO 810 668746 0006
IF(NLINES+11.LT.60) GO TO 910 668756 00
URITE(LO.2000) 068766 000
NLINES*6 063770 0000

C--- ------------------------------------------------------------- 068780 0000
C CALCULATE COST FACTORS 668790 006

at8?e as eeoc

C CF). CF(2) AND CF(3) ARE COMPOSITE COST FACTORS FOR L, E, AND M 068810 00
CFL@SHAFT(.SHAFT, 12) 068820 e
CFEsSAFTCNSHAFT.13) 068830 0000
CFNaSHAFTCNSHAFT 143 068840 00
RCFveSHAFT(hSHAFT 15) 068e5 0600
OF(l)=POPSCFL*RCF 068860 @@s6
CF(2)aPOPSCFEZRCF 068876 000
CF(3)mPOPtCFM*RCF 063880 0660

C ----------- ---------------------------------------------------------- 068890 9
C MULTIPLY Dy COMPOSITE COST FACTORS AND THEN OBTAIN SEGMENT 061900 9006
C COSTS PER FOOT TO THE NEAREST DOLLAR 068910 0006

IL( I)oCLES*CF(1)+. B8 ee$
IE( 1)-CEESSCF(2)+.S 063930 000
IM( I)-CMES*CF(3)+.S 063940 006
IL( V)*CLE XCF(i) .S 068950 ees
I[( 2)=CEE XCF(2)+. 068960 0006
PlC B)-CME *CF(3) .S 063976 006
IL( 3)=CLML*CF(I)+.B 061936 0009
If( 3).CEMLRCF(2).S 068990 oleo
IM( 3)@CMML*CF(3)+.S 06906 6060

(ConL i nutd)

A 143



IL 4)oCfLMHXCFCI)+. 0e9818 saf

IN( 4-CMDHCF(3).5693 0
IL( 6)-CLTS*CF(1)+.S 069070 04100
IfI( 6)*CETSCF(a). 069050 0000f
IN( 6)eCMMSSCF(3). a169690 0"00
ILC 4):CLL LCF(1). 069070 0060
I ( 6) CET.SCF(2)+.S 0690 "000
KIN( I)-CML SCF(3)+.S 069120 600
IL( U)oCLL XCF(1)+.5 @69130 0000
IE( 7)&CEFU*CF(a). 069146 ea00
KIN( U)&CML SCF(3). 69150 e000
IL( 8)eCLG ZCFC1). 669160 000
ZEC 2)*CEFWSCF(B)+.S 069170 0000
IN( 9)*CMG ZCF(3)+.S 069180 0000
IL(10)oCLG *CF(1)+.S 069190 0000
IEC10)-CEG *CF(2)+.S 069100 000o
INCIO)-CMG *CF(3)+.S 069210 0000

IL(Il )-CLAC*CFC1 )+.S 069220 0000
IE(11 ~.CEAC*CFC2)+.S 069230 0000
ZIM(11)oCMAC*CFC3). 069240 000

C ------------------------------------------------------------------ 0669850 060
C CALCULATE SEGMENT COST/FOOT FOR LABOR, EQUIPMENT AND MATERIALS 089260 0000

SLCPFw9 069270 ease
SECP Fo8 069280 0000
SMCPFm9 669290 0000$
DO 916 LLP1D11 069300 0000
SLCPFaSLCPF+IL(LL) 069310 9000
SECPF*SECPF*IE(LL) 069320 000

91S SMCPF-SMCPF+IMCLL) 069330 000
TSCPF-SLCPF+SECPF.SMCPF 069340 0000

C---------- ----------------------------------------------- 6069350 0000
C CALCULATE TOTAL SEGMENT COST/FOOT FOR EACH COST COMPONENT 069360 000

TCES a ZEC 1)+IM( 1)*IL( 1) 069370 0000
TCE - ZE( 2)+IMC 2)+IL( 2) 069380 0000
TOML a 1E( 3)+IM( 3)+IL( 3) "69390 0000
TCMH * 1E( 4)+IM( 4)*IL( 4) 069400 000
TCMD a IEt S)+IMC S)+IL( 5) 069410 000
TCTS - IE( 6,rr ( 6)+IL( 6) 069420 000
TCL a IE( 7).hIM( 7)+IL( 7) 069430 000
TCFU a IVt 8)+IMC 8)+ILt 8) 069440 0000
TCG * IEt 9.+IM( 9)+IL( 9) 6694S0 000
TCP m IEt 10)+IM(1041ILuo0 069460 0000
TCAC a IECII).1MC11,*ILCII) 069470 0000

C-------------- --------------------------------------- 069410 0000
C CALCULATE TOTAL SEGM~ENT COSTS IN THOUSANDS OF DOLLARS 069490 0000

TLC a SLCPFSSSEGL/1000. 0691504 0006
TEC o SECPFSSSEOL/1080. 069510 0006
TMC a SMCPFISSEOL/100. 069SB0 0000

C IC!_- TLC*TECTMC 069530 0006C ------------------------------------------- 0$69540 000IFCLISTC7).EQ.1, 00 TO 340 069550 0006
C WRITE OUT THE SEGMENT COSTS FOR LABOR, EQUIP, MAT, AND TOTAL 069560 0000

IffL@SSEQL 069570 00061
069510 000o
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UNITZCL,3001) NSHAFT,NSSEG,(ILCJJJ) JJJw1 1l),SLCPF,TLC 9696 000
URII(LO,8018) (ZE(JJJ),JjjS1..11) SfCPF,' EC 369606 900

URI (LO,8603) (IRCJJJ) JJJ*1 11.) SMCPF MNC 6if00
WEITECLO.1004 TCES TCE TCML T6MH.TCAD,TiTS.TCLDTCFW. 3696H 60
1 TCQTCP.TCAC.TSCPF.ISitGLT§C 069630 O0SO

C 069640 $000
NLINESoNLINES45 069650 0000

C 069660 0000
C ACCUMULATE SHAFT SEGMENT COSTS INTO COST OF SHAFT 069670 0000

340 SCLwSCL+TLC 069600 90
SCE-SCE+TEC 069690 0as0
SCMwSCM+TYC 069700 00
SCT-SCL+SCE+SCM 069710 000

C END OF COSTS ON A SEGMENT BASIS 069720 ease
900 CONTINUE 069730 090

C ------------------------------------------------------------------ 069740 0000
C LIST OUT TOTAL COST OF SHAFT 069750 0000

860 IF(LIST(7).EQ.1) GO TO 860 069760 0000
WRITE(LO 1004) SHAFT(NSHAFT 12),SCL SHAFT(NSHAFT.15) 069770 0000
I SHAFT(N§HAFT. 13).SCESHAFT(NSHAFT. 14 ),SCMCFLWKSCi.CFEWUK 069790 0000
NLINESwNLINES+7 069790 0000

C 069800 sees
C ------------------------------------------------------------------ 069810 e000
C ACCUMULATE COSTS OF ALL SHAFTS 069820 0000

866 SFTTLCmSFTTLC+SCL 069830 eas0
SFTTECmSFTTEC*SCE 069840 000
SFTTM'C *SFTTMC+SCM 069850 0000
SFTTC*SFTTLC+SFTTEC+SFTTMC 069860 0000

C 069870 0000
SHAFT CNSHAFT, 19 uSCL 069880 000
SHAFT(NSHAFT,20 )-SCE 069890 0000
SHAFTCNSHAFT.21 2*SCM 069900 0000
SHAFT(NSHAFT,22 ).SCT 069910 $00

C END OF COSTS ON A SHAFT BASIS 069980 0000
950 CONTINUE 069930 000

C----- ---------------------------------------------------------- 069940 0000
C PRINT REACH COST SUMMARIES 069950 090

IF(LIST(I).EQ.1) GO TO 965 069960 0000
URITE 1.0.1500) 069970 000
NLINES-5 069990 0000
DO 960 NREACHw1,NTRMAX 069990 900
IF(TRDATACNAEACH 1).LT.-1@.E29) GO TO 960 070000 000
NSHAFTsTRDATA(NRfACH. 1) 070010 0000
RCLwTR ATACNREACH. 1') 070020 0000
RCE*TRDATA( CREACH, 18) 070030 0000
RCM*TRDATA(NREACH. 19) 070040 900
RCTsTRDATA C REACH 29) 070050 0000
WEITECLO, 1501) NRACH NSHAFT,SHAFT(NSHAFT.IS). (SHAFT(NSHAFTJ3., 070060 00410
1 jj-1I.14) RCL RCE RCA7RCT 070070 0000
MLINES*NLIAES4k 070030 000
IF(NLINES.LT.53a GO TO 960 070090 0000
URITECLO. 1500) 070100 0400
NLINES@S 070110 0000

960 CONTINUE 070120 0000
065 CONTINUE 070130 000

C----------- -------------------------------- ----------- 070140 0000
C PRINT SHAFT COST SUMMARIES 070150 0000

IF(LISTC9).EO.I) GO TO 975 070110 0000
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NL NS5 070130 000
DO 90 HAFT'1..NSMAX 07819S sees
jFcSNFTCNSHAFTi)L.-I.39 GO TO 970 *74200 0080
SCE SHAF!(NSHAFT.dS) 070220 0ees
SCPSSHAFTCNSNAFT.21) 070231 004
SCT.SHAFT(NSHAF? 22) 070240 e8g.
bINITE(LO 1601) N4HMAFTSHAFT(NSH4AFT.15),(SHAFTNSHAFTJJ),JJ.12,.4) 070250 000
I SCL Set SCM SC! 076260 0000
NUMB , hLiNES42 070270 0000
IF(NLXNES.LT.5a) G0 TO 970 070210 000
WRITE(LO. 1600) 079290 0000
NLINES*S 070300 0000

970 CONTINUE 070310 000
975 CONTINUE 070320 00,6

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 070330 0060
C TOTAL PROJECT CONSTRUCTION COSTS 070340 0000

TLADORsTUNLC*SFTTLC 070350 000e
TEGUIP*TUNEC+SFTTEC 070360 0000
TMATERP*TUHMC+SFTTMC 070370 ease
TCOS?.TUNTC+SFTTC 076380 0000

C ------------------------------------------------------------------ 076390 000
C PRINT PROJECT SUMMARY SHEET 070400 6000

URITE(LO,2) TITLE 070410 8000
URITECLO. 1005) PM TUNLC OM TUNEC TUNP C TUNTC 070420 000
URITECLO. 1606) SF+TLC.SPTTtC.SFTfMC SF+TC 070430, 000
URITE(LO. 1007) TLABORTEGUIP,7MATER.TCOST 070440 0000

C-----------------------------------------------070450 000
RETURN 070460 0a00

C 070470 0000
C ------------------------------------------------------------------ 070480 000

2 FORMAT(1H110().SX70UIH*),/.S0x.1H*,68X,.1R 070490 0000
110(/,50X INS 2X 1SA4.2X.IHV) 070500 0000
3 '.~,H.8.H,.0,012/'070510 0000

1064 FOFMAT(IX 119(1H-)." 7x 14HREGIONAL COST GX,1@HCOST INDEXI0X 1079520 000
LION -- LAWO ,FS.2:,/ 4X,25HSHAFT LABOR COST .........19S/ 076530 0000
2 7X,9HFACTOR ,FS.2, 6X,10HEOUIPMENT , F5 2 Sx 070S40 0006
3 25HSHAFT MOtMENT COST .. .. ,19/ 07050 00
4 47X 1OHMATERrALS ,F5.21 SX,25HSHAFT MATERIALS COST .... 19/~ 076560 0000
S 41XISHLABOR JORK .EEK ,FS.2 SX 2SHSHAFT COST ............... I9' 0670 0000
6 41X I6HEOUIP WORK WEEK 'FST2 ' 070580 0000

106 FORr'AT50SX,I7I4PROFIT MAR6IN ,FS 2 3X 076590 000
I 36HTOTAL TUNNEL LA9OR 605f ... 0)9 070600 0000
2 SOX.17HOVERHEAD MARGIN CF5 P.3X 0610 0000
3 36HTOTAL TUNHEL EGUIPAENT COST ....... 19'/ *660 0000
4 7SX,3 HTOTAL TUNNEL MATERIAL COST ........ :19/. 070630 0000
5 ?SX.3SHTOTAL TUNNEL COST ............. 19/) 070640 0000

1006 FORMAT(//,7SX.36HTOTAL SHAFT LABOR COST............19'/ 070650 6600
I 75X,3BHTOTAL SHAFT EQUIPMENT COST ........ Is/ 070680 000
a 7SX.3SHTOTAL SHAFT MATERIAL COST .......:..I9/ 070670 000,
3 ?SX,36MTOTAL SHAFT COST ..................II) 0610 0006

1607 FORMATQ/ 75X 3SHTOTAL PROJECT LABOR COST ....... 116/ 070896 0060
1 7S ,35ATOTAL PROJECT EQUIPMENT COST . .. ii/ 070700 00
a ?SX,35HTOTAL PROJECT MATERIAL COST........110a/ 60710L 060
3 76X*3SHTOTAL PROJECT COST .............. its) 070730 000

1506 FORMATCIHI ix 34C1HE.50SH T U N N E L R C A C H C 0 S T S U M 070730 000"
Im A N V ,5U(1H*)// 14X,19HEXIT REGION4AL SC(1HS), 070740 000
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I JIHOST INDEXES.6C1H8),IOx 17(114*) 1514 COSTS (11006) *16TIH*)/. 07S'59 0600
3 XIRCNHSAFT C66T FACT6R LABOR EQUIP MAT!L 06760 0666

4 16A M410"l EQUIPMENT MATERIAL TOTAL, /x IX u4-' 070770 0000
11:1 FR7AI4x, 13 IX 13 7XF4.a IX 314X.F4.a) lix 4(3X:16)11 06770 6ees
I50 FmRqT(lHl 'iA 4(114) 371H SI AF T C 6 S + S U M M A 6 70790 sees

I41(1148)1/ &3XIHifGIONAL ,6(lH*) lIP4COST INDEXES,G(143). 676300 6os0
aix17(114*) 1514 COSTS 3$1000) .16lHU/.3XSHSHAFT.j4X, 076380 6660

3 33OST1 FAC+OR LABOR EQUIP MAT..S li970320 600
4 4 HAlop EQUIPMENT MATERIAL T6TAL / 1x.119(1H-)1) 070330 0000

1601 FORMAT(4X 13 18X F4. a.X 3C4X.F4.l),1XX,4(3X,tg5/) 070340 600
a$* FORMAT(lHl1.4(lHi3)331 § H A F + C 0 S T 53( 1143)// 6703S0 6000

1121H SHAFT SEQ G *333St COST IN DOLLAS PER FOOT OF SHAFT 070360 6000
l3u333**3 SG SEGMENT SEGMENT / 070070 0o00

313014 NO NO EXC EXC MUCK MUCK MUCK SUP- LIN- LIN GR 070330 9000
4OUT PUMP- AIR- COST LENGTH COST / 70890 6000
513064 SETUP LOAD HOIST DISP PORTS ING FORM 670900 9000
6 ING COND (S/FT) (FEET) (31600) 079109 0000
7 IX 1X,1(1H-)) 790se

3001 FORMAT(/,IX.13,16,2H L 1216 8X.110 6799 0000
3002 FORMATc9X, 214 E 1I6., 10) 97994 0000
2003 FORMAT(9X, 214 M:1216 ex 1103 67950 0006
3004 FORMATgX. 214 T 1216 18.110) 070960 0006
3005 FORMATCIHi 614 SHAFT,14,' iS A PORTAL OR A DUMMY SHAFT ALL CO 670970 0006

ISTS ARE ZEkO') 0930 0000
C-----------------------------------------------------0970996 0000
C 07106 0060

RETURN 97109S
END 071010 0600
SUBROUTINE CUINFACA CNP,CUMSLDH14.NPBS,NSEGSRMLMAXDTCANRSEGI, 07102a 900
ICLIND UCMCP NTSMAX,APMAX) 071636 0000
D1IENHION A(NTSMAX,68), CNP(NPMAX,Z).CUMqSL(NPMAX) 071056 0000

C----------- ---------------------------------------------- 071060 0000
C THIS SUBROUTINE COMPUTES THE TOTAL LENGTH OF SEGMENTS WHICH ARE 071076 0000
C EXCAVATED IN FREE AIR BUT NEED CONVEYOR PELT FOR FURTHER 071030 900
C EXCAVATION IN COMPRESSED AIR. IT ALSO COMPUTES THE COST OF 671090 0000
C COMPRESSED AIR PIPING 071100 0000
C ------------------------------------------------------------------6071110 0000

DTFACM@O. 071120 0000
UCMCPD0. 071136 000
NSEGSA@IABS(NSEGS) 671146 660

C---------- ------------------------------------------------ 071150 0000
DO 160 I-1.NSEGSA 071160 0000
JoNSEGSA-I.1 071170 090
N*NRSEC1+J-1 071136 000
IFCNSEGS.LT.0) N.NRSEGI-J.1 071190 090
MSTAlmA(N 31) 071200 0000
DRsA (N 465 071210 0000
TSEGLsA(N 45) 071320 6000

C CHECK LAP* SEGMENT IN THE REACH AND SET LOCK POSITION 671230 0060
ZF(I.EQ.1) NPLOCKwACN.E) 071240 000

C CHECK TIE POSITION OF AIR LOCK FOR THIS SEGMENT WITH THE POSITION 071350 0000
C FOR THE NEXT SEGMENT IN COMPRESSED AIR 071160 000

IF( AlS(A(N 36)) EQ NPLOCK) GO TO 50 071270 0000
C CHECK IF T4& SEGAENT IN COMPRESSED AIR 071336 0000

IFCNISTAB.NE.U) GO TO 106 671300 0000
1f NPIQCIK ABSCA(N.36)) 0713"000

DLVK*ABS(CUMSL(NPLOCK )-CIMSL(NPBS)) 671310 000
C FIND THE SURFACE NODAL POINT OF AIR LOCK 071330 000
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CO' [j 1, i iny ,' tj

DO of KaI J 071330 000IF( NStS. ET.0i GoO so 67 07340 000NNONR5 I*K-1 07135 0000SNPRIENDLOCNN a) 671360 0060Nps ANNI71 071370 "toeG0 TO 70073006
60 NNehRStGI-K~i 071390 a000

NPRE4DeA(INN,3) 07130 000
NlPS'ACNN, Is) 071410 "00076 IF(NPLOCIC.EQ.NPREND) GO TO 90 07143$ .06to CONTINUE 071430 090C CALCULATE COST OF COMPRESSED AIR PIPING 071440 0000H DflLOK:CNP(NPS,2 )-CNP(NPLOCK,2) 071450 0680PUMPLT D6286. -DLOCK+DTMLOK 071460 0006CAVTWA(1N 35) 071470 000UCMCP.UCACPN 26. *.0.OI3CAVT-0.00060015*CAUT*g2 )ZPUMPLT/DTCA 071480 000cc TO 100 071490 06060 IF (MSTAD.NE.1) DTFACN*DTFACNTSET. 071s00 0000IF(MSTAD.EG.1.AND.Z.Eg.1) GO TO 10 071510 0000100 CONTINUE 671520 0W0C COMPUTE THE INSTALLATION COST OF CONVEYOR IN THE FREE AIR SEGMENTS 071530 000CLINDw (0.31ZSORT(RMLAX+40. .1 .38 )*DTFACN/DTCA 071540 000RETURN 071560 0000END815090
SUBROUTINE LOCKLT(A HSEGS.,RMLMATLCLCLNSAREI 75000DIMENSION A(NTSMAX,98 MXT.LCCAOCLNSARE1 071570 0000C-- --------------------------------------------------------------- 071590o 0000C LOCKLT COMPUTES NUMBER OF AIR LOCK LOCATIONS AND LENGTH OF AIR 071600 0000C LOCK IN A REACH 071610 0000

C----- ----------- -- --------------------------------------------- 071620 0000ALOCKe. 
013.00ALOCICL%3S. 071630 000

M-0 071640 0000NSEGSAOIABS(NSEGS) 071650 0000C ---------------------------------------------------- 071670 000C NUMBER OF AIR LOCK LOCATIONS IN REACH 071680 0000DO 100 11.1 NSEGSA 071690 0000IoNRSEG1,cl 1-I )NSEGS/NSEGSA 071700 0000MSTAlwA(I 31) 071710 00IF(MSTAB.AE.1) GO TO 100 071720 0000
MmM~l071730 0000C FIRST COMPRESSED AIR SEGMENT 071740 0000jIFr .NE.1) GO TO 10 071750 0000MPLOCK*A(I 36) 0'1760 0080IF(NPLOCK. T 0) PI.-iooese 071770 0060016 IF(NPLOCIC. E.A(I.36)) ALOCK-ALOCK.±. 071780 000C-------------------------------------------------071790 

000C LENGTH OF AIR LOCK 78000IF(MTPh.NE.3) 00 TO 10 071310 0000ARGA(I,3) 071810 000DM*A(I.46 071820 0000CARS.(1..6.7/cDMe2. ))tRMLNAX:(0.66.g0.12:*DMX*33
3  071846 0600*I AR(.6003D .aDS.333)/300. 671830 000IF(CARS.LT.1.) CARSe1. 671160 0000ENCINECARS/1 1. 071870 0000IF(ENCINE.LT.1.) ENGIHEal. 071.66 600ALOKLTs17.*CCARS/ENE,1., 071890 0000IFCALOCKL.LT.ALOKLT) ALOCKLoALOKLT a712" ages
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W ,I IN 1,1 i i (C I I III j 

I" CONTINUE 671616 fees
C -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - 7192, 5066

KaNEGATIVE FOR COOLIING PLANT FOR FIRST LOCK( MOVED F4OM Si4AFT 071930 6000
A101OUND SURFACE AROVE SECOND LOCK POSITION 071940 0*0
I!CM.LT.0) ALOCK.-ALOCK 671950 see.
RETURM 671966 0000
EN4D 6719706000O
SUIROUTINE CSETLIP(A I NSEGS NSEGI RE N !TYPE I SETUSH SETUPM, e719SO 6006

TUIP CLS.CESMLSCFLWkCEW4.AS P.SE§.MESDRSNTSAX. 071990 6006
N9SMX 67199S

C CSETUPDETERMIN-ES THE AVERAOGE COSTS -NVOLVUED IN-SETTINMG U THE 072016 @060
C NECESSARY EQUIPMENT TO EXCAVATE EACH SEGMENT 072020 060
C ------------------------------------------------------------------@072030 066

DIMENSION ACNTSMAX,6U )..(NSSMAX.,43) 0720S6 0066
C ------------------------------------------------------------------6072060 66e6

IF(MSTYP.EO.3) GO TO 566 672670 660
C INITIALIZE 672010 0660

UCLSS*O. 072696 6660
UCESSmO. 072106 66e0
UCMSS69. 672116 6000
UCLPISeS. 672126 6060
UCEMSmO. 672136 6600
UCMMSm6. 672146 600
UCLRS*0. 672156 se06
UCERSaG. 672166 066
UCMRSwG. 072176 0060

C ------------------------------------------------------------------6072186 606
IF(ITYPE.EQ.2) GO TO 260 672196 6060

C TUNNEL 672266 6666
C FIRST SEGMENT IN TH4E REACH 672216 6666

IFCI.ME.NSEGI) GO TO 156 672226 6666
C DETERMINE THE TOTAL LENGTH OF SHIELD, MOLE AND RIPPER EXCAVATED 672236 606

C SEGMENTS IN A REACH 672240 6666
DSESm0.906661 072256 6666
DRES-0 .066661 672260 6660
DRESaG.006,6601 672276 6060
NSEGSAs lABS CNSEGS) 672296 6660
DO 106 NN81,NSEGSA 672290 66e6
MmNSEGI +( N4- 1 )NSEGS/NSEGSA 672306 0606
MEXwACM,7) 672310 6666
TSEQLoA(M,45) 072320 6066
IF(SEX.LE.1.OR.MEX.GE.6) GO TO 160 672336 6660

C SHIELD 672346 6660
IF (MEX .GE.3) DSESaDSES+TSEGL 0723S0 6660

C MOLE 072360 0666
IF CMEX .LE .3) DMES.DMES4TSEGL 672370 6060

C RIPPER 672310 0660
IFCMEX.EG.5) DRESoDRES+TSEGL 672396 0066

106 CONTINUE 672460 0060
150 MIEX@ACI 7) 673410 @606

IFCMEX.LE.1.OR.MEX.GE.S, GO TO 466 072426 0000
C SHIELD SET UP COSTS 072436 0606

!FCMEX.LT.3) 0O TO 166 072440 009"
UCiSS. CUS0.+3.SH45.SIESX2 )SETUSH 07245 0006
UCES. Cl000.04SUHH.21 . IERssa)SSETUSH 072466 0000
UCMSSmC760.+.l 1H+.53E-6. )fl8)SSETUSH 071470 060

C MOLE SETUP COSTS 672436 60ON
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COS IUN li ,t i ii), (Con t imwd)

1" IlFCREx.GT.3) 00 To 170 072496 000
U (SOCgW. +I. HH~lS.*C E+12. )Xtl)*SETUPM070000

U~CI,0.4.*H+l34.C3E-10.)5l)*SETUfr @71510 800
?55; .213*2159STUP! 071586 0000

C iPc SETUP COSTS 07a530 000
17" IF(R9X.NE. 6) 00 TO 400 071546 WOf

UCLR~aC4WO..HHS(l .+..05*E )*.*DEXWI)SSETUPR 072550 "of
UCENSs C 100.0.7HHeI .SXDE.S.**U )SSETUPR 072560 00800
UCMbs. 150.+0.SH*0.1*3E$Zl SSETUPR 071570 e000
40 TO 401 072530 000oc---------------------------------------------------------:n 672S ::0

C SHAFT 00000
a" IF(I.NE.NSECI) GO TO 350 072610 0000

DSES&O .0660001 872620 a000
DRESoO00 9 . $*e 72630 000
DRES'S .004001 072640 000

C DETERMINE THE TOTAL LENGTH OF SHIELD AND MOLE EXCAVATED 072650 000
C SEGMENTS IN A SHAFT 072660 090

SETUSH-0. 071670 000
SETUPMS. 072680 000
DO 300 NH@1,NSEGS 072690 0000
M&NSEG1.NN-1 072700 00
MEX@3(M,7) 072710 0900
SSEGLmD CM. 35) 072720 0000
IFCMEX-2) 300,220,210 072730 000

C SHIELD 072740 0000
216 DSESmDSES+SSEGL 072750 900

IF(SETUSH.LT.1.) SETUSH*1. 072760 000
IF(MEX.EO.4) GO TO 300 072770 9000

C MOLE 072780 000
220 DMES*DMES+SSEGL 072790 000

IF (SETUPM.LT.L.) GO TO 260 072300 0000
IFCMEX.EQ.2.AND.WiEXP.EQ.3) SETUPM&SETUPM+6.12S 072310 000
GO TO 300 072320 000

850 SETUPM-1. 97a30 000
300 P1EXPoME)X 072340 900

C ------------------------------------------------------------------ 0'2250 000
36 ME)C*3I 7) 072360 0000

C SHIELD LETUP COSTS 072870 000
IFCMEX.LT.3) GO TO 360 078330 000
UCLSS. C2000.+930.*DE)XSETUSH 072390 0000
UCESS'(S00..14.4C3E-5. )*2)2SETUSH 072900 000
UCMSS*C306.+CIE-3. )**&!)SETUSH 072910 0000

C MOLE SETUP COSTS 072920 se0s
360 IF(.NOT.CMEX.EO.a.OR.MEX.EO.3n) GO TO 400 0789 000

UCLMSs c 30.2C3E+5. ::2+6S000.)*SETUPM 072940 90"
UCEMS'C165.2(IE-10. )*32*20000. )SSETUPM 072950 00N0
UCr1MSec30.*t3E-10. ::2+3200. )2SETUPM 078960 0060

C-- ---------------------------------------------------------------- 6078970 soW
C TOTAL SETUP COSTS 07280 soW

400 CLES-(UCLSS'DSES+UCLMS-,DMES+UCLRS/DRES )*CFLUWK 678990 00W
CEES. CUCESS/DSES.UCEMS/DrqES.uCERS/DRES )1CFEWhIK 073000 000
CMES.UCMiSS/DSES+UCMMS/DME+ucmqRs/DRES 073010 0000
RETURN 073010 0000

c 073030 eas0
500 CLESwS. 07340 WO

CEES-O. 073050 0000

CMES*0. 073660 W

(Cant inued)
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INTLWI 673676 0060
IENID673080 066

SURIIECOf(CLE CEE CRE ITY~PE iqEX AR RE VS ISHAPE SFA SFP 0734N0 6666
PIOIL STAINO DTRAICH DO6CK §ID5L: vi6x vsoz,R6CK~fH, @731"000
DCENT.NOURS/.,DN.MS+A3.CFLCA.CFLWK,:fEU.C.NSTYP) 673110 0060

C ---- 6--- 73130 6000
C COEX CALCULATES EXCAVATION COSTS Ih TUNNELS AND SHAFTS 073140 660
c ------ -------------------------- 73150 6660
C.--------------------------------------073160 600

IF7MSTYP.NE.a) G0 TO 116 673176 006
C CALCULATE WEIGHT OF SHIELD 073136 00

F-1. 673190 066
IF(ISNAPE.EG.3) Fol.56 673206 6666
IF(ITYPE.EO.2.AMD.ISNAPE.EO.2) F*2. 073216 066
UTSNLD.(6.637050RT(31 ..FS*32 )-6.638 *PSOIL*STA3NO*222SFP 673220 00

C ------------------------------------------------------------------6073236 6666
116 IF(ITYPE.EO.2) GO TO 100 673246 6660

C CALCULATE UNIT COST OF TUNNEL EXCAVATION 6732S6 6666
C CHECK TUNNEL EXCAVATION METHODS 673266 6666

C 0G TO (126 20320 420,520,620,62),MEX 073286 0666
C ROCK TUNNEL 673276 600

C CONVENTIONAL EXCAVATION 673296 6666
180 GO TO (121 122 123) ISNAPE 67330 6666

C SHAPE IS CfRCLk 673316 600
121 UCLwS.07*(3E+48. )*2-100. 673326 6060

UCE*@.046*(IE+15. )**2 673336 6000
UCrq.SFASSQRT(RS ):IES*2/2600.e(6. 11*(IE+10. )2E2-25. )/AR 673346 6060
0O TO 124 673356 6666

C SHAPE IS HORSESHOE 673366 6060
122 UCLeS.*8*(lE.40. )2$2-116. 673376 066

UCEv6.*5(BE415. )**2+4. 673386 6666
UCMeSFA*SORTCRS)*DES*2/2600. + Cf.12*C3E+16. ):22-22. b'AR 673396 6666
GO TO 124 673406 0666

C SHAPE IS IASKETHANDLE 673416 6666
123 UCL'6.lflER*a+69. 673426 00

UCE-0.64E(lE+.. f2+17. 67343900666
UCMwSfAtSQRT(RS)%lsE%?2$6. *.103)CE-S. )*%2414. )/AR 6734406 006

114 CONTINUE 673456 6660
GO TO 360 673466 0666

C MOLE EXCAVATION 673476 0060
880 UCLw. @21*3EE*2.S5. 673486 6660

UCE*0. 648*DE*2 673496 6666
UCMi(66.RS1266.AR:3BEu*2/2066. 073500 6666
0O TO 30 673516 660

C--------------------------------- ---------------------------------6973520 660
C SOFT GROUND TUNNEL 673530 0000
C MOLED 673546 6660
386 UCL@(55.*.S@21DES*2)SCFLCA 073560 0$6

UCEm . 648S3E*l2.0 . O63S*WTSHLD 673566 0660
UCM.C0.045+..2SNOUIRS/AR 23E:*2.(0D.5+6.6523E)oHOURS-A4R 673576 6060
GO0 TO 80O 673530 6060

C HAND EXCAVATED 673516 0066
430 UCLu(#.1S(DE+S. )*82*36. 3RCFLCA 673666 0666

UCEe6.6lCD3E*7. 8:2+.0O 6aSWTS4L0 073616 00"
UCM. (6.5+. *$OE ) HOURSi'AR 673626 000
0O TO i0$ 673630 000

C RIPPER EXCAVATED 673646 060
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680 UCLw(*(..0#.*123E+4. )*)*CFLCA 073650 Otto
UCZ.13..0.83II0. 060035SU7SNLD 073610 fees
UCROM.l.4.6983)SHOURS/AR 073670 ea00
Go TO as* 073610 0000

C 3*3a3ss3**3*B3*8**8**E**U3fS 073690 e00.
C! CUT AND COVER 073"00 0008

"80 IF(DROCK.GE.*DTRMCH) GO TO 700 073710 00
C OPEN CUT INVOLVING ROCK EXCAVJATION 073120 0000

ROCKo1E*(DTRNCH-DROCK)/27. 073730 0006
UCI.ROK*71. .0.SSARXVROCK/MOU*S 073740 0000
UCECK.15.,CO.4,g.0O3SDTRNCH4)ZARSVROCK/HOURS 073750 0000
UCMROK'(1 . 1,.0gO6OCDTRNCN.DROCK ))VROCK 073'60 e000
IFCUCLROK.LT.84.7S) UCLROK*34.75 073770 0066
IFCARSVROCK/MOURS.LT.25.) UCEROK.15..c0.4+0.OO3EDTRNC4)a85. 073780 0000
IFCDROCK.GT.9.) GO TO 6S8 073790 000

C ALL ROCK , NO SOIL EXCAVATION 073800 o80e
VSOILog. 073310 0000
DCENT.0. 073826 00s0
UCLSOLoG. 073830 0000
UCESOL*O. 073840 0666
UCPASOL-0. 673850 0000
GO TO 750 073860 0000

C SOME ROCK, SOMIE SOIL EXCAVATION 073870 000
c ------------------------------------------------------------------ 073880 000
C SOIL EXCAVATION 073896 000
650 VSOIL'C3E4DROCK2SIDESL )*DROCK/27. 073900 0000

DCENT.DROCK3C 1.SIBE+DROCK3SIDESL )/(BE+DROCK*SIDESL )/3. 073910 0900
IF(SIDESL.LT.I.) GO TO 670 073920 0000
IFCARSUSOIL/HOURS.LE.SO0.) GO TO 676 673930 600

C SOIL EXCAVATED BY SCRAPERS 073940 0066
660 SCRAPR-AR:VSOIL/HOURS/d290.-0.9:DCENT) 0739S0 000

IF(SCRAPR.LT.1.) SCRAPR-1. 073960 0000
PUSbERoSCRAPR/4. 073976 0006
IF(PUSH4ER.LT.1.) PUSHER-1. 073980 000
UCLSOLs 17. * *8.03CSCRAPR+PUSHER) 073990 0006
UCESOLm1g.SSCRAPR+1@.*PUSHER 074000 0000
UCNSOL. CS.SESCRAPR+3.OEPUSHER )HOURS/AR 074010 0660
GO TO 750 674026 0090

C SOIL EXCAVATED BY DRAOLINE 674030 0006
670 3UCMINalg.-G.71SORTCISO.-DROCK) 074040 0000
680 IUCKET'2.5:(AR3VSOIL/HOURS/c1.05-e.000143(PHI-56. )X32)-40.) 074050 0000

1 /'C170.-DCENT) 074060 6000
IF(DUCKET.LT.BUCMNN BUCKET-BUCMIN 674070 0000
UCLSOL*19.0 074080 s000
UCESOL '13.0*0. 85*BUCKET**2 074690 0000
UCMSOLm. 1DUCKET:VSOIL/a4O.+0.4: 170.-DCENT)ZUUCKET) 074100 000
I /(1.6S-0.00014*CPHI-50. )U2) 674110 0000
GO TO 750 074110 000

C -------------------------------------------------- ----------- 074130 0000
C SOIL EXCAVATION ONLY, NO ROCK EXCAVATION 074140 0000
70 VROCK-0. 0741S0 000

UCLROKoG. 074160 000
UCEROK*S. 074170 0ggs
UCMROKwg. 074130 0000
USOIL C IE4DTRNCHSSIDESL )*DTRt4CHi'27. 974190 ea00
DCENTsDTRNCHSI1.533E.DTWNCHSSIDESL )/CBE.DTRNCNSSIDESL )/3. 074200 0000
IF(SIDESL.LT.1) GO TO 730 074210 900
IF(ARSVSOIL/HOURS.OT.500.) 0O TO 660 074810 $00
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720 DUCPIN.16.-0.7*SSOR(1I0.-DTRNCH) 074230 000
00 TO as$ 074240 600e

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 074250 6000
C CO$lS OF BACKFILL 874260 6060

750 UmVROCK+VSOIL 074270 6001
UCO.AKl.@ 074280 egos
UCEDAK-331.6 074290 $00
!FCAR*(J-UlJOX)/HOURS.LE.1200.) GO TO 760 074300 $000
UCL3AKsI.2aCUV3X):AR/HOURS/1200. 074316 0000
UCEIAK-32.$(U-4J30X )AR/HOURS'1200. 0743a0 060

760 UCMlAKu6.$1*CIJ-VlOX) 074330 6008
UCL .UCLROK+UCLSOL+UCLBAK 074340 9000
UCEeUCEROK+UCESOL .UCEBAK 0743SO 0000
UCM-UCMROK+UCMSOL+UCMDAK 074360 0000
GO TO 306 074370 0000

C ::3**s**3*ZgEU3*U2Eg3gZg2R*Z074388 0000
C CALCULATE UNIT COSTS OF SHAFT EXCAVATION 074390 0000

100 IF(NSTYP.EG.3) GO TO 500 074400 e00
GO TO (140,240,340,440).,MEX 074418 0000

C ROCK SHAFT 074420 0000
C CONVENTIONAL 074436 0000

140 UCLo3S.+4.253BE 074440 0000
UCE..2.2*DE 074450 0000
UCN.(0.91+RS/2000000.)3BES*2 + (.S+RS/40000..3.4/AR)3BE S. 074460 0000
GO TO Sao 074470 0000
MOLED 074490 0000

246 UCLuS.032:DES92.94. 074490 0000
UCEm .072*DEUS2 074500 0ese
UC.(500.+RS.120000./AR )3E*2/10000. 074510 0000
GO TO 800 074520 0000

C ------------------------------------------------------------------ 074530 0000
C SOFT GROUND SHAFT 074540 0000
C MOLED 074550 0000

346 UCL.(0.032*83I2+84.9 *CFLCA 074560 000
UCE.6 .072*lEfl2+0.00003SsWTSHLD 074S70 0000
UCM.(0.045.0.03*HOLRS)21EU*2+(0.5+0.0523E )sHOURS/AR 074590 0000
GO TO see 07459 0000

C HAND/SHIELD 074600 0000
440 ZF(ISHAPE.EG.1) UCL.63.$*CFLCA 074610 0000

IF(ISHAPE.EQ.2) UCL*70.ftCFLCA 074620 9000
UCE *7.40+6. OOO63SEWTSHLD 074630 0000
UCM-c3.70,0.85EE SHOURS/AR 074640 000

860 CLE*UCLS(HOURSCFLUK+RDM )/AR 074650 0000
CEE sUCE3I4OURSSCFEUUK/AR 074660 0000
CME .UCM 074670 000
GO TO 900 074630 0000

C 074690 0000
60 CLE-0. 074700 "S00

CEE-0. 074710 000
CME-O. 074720 000

C 074730 000
900 RETURN 074740 0000

END 074750 000
SUIROUTINE CMUKLD(CLML CEML CMFML ITYPE MEX AR DM V,v,RMYR LNAX, 074760 060

I MSTA6,CFL6ACFLUUK.C EJIKDH6uR§) 674770 0000
C---------------------------------------------- 074780 0000
C --------------------------------------- ----------- ----------- 074790 0000
C CIMUKLD CALCULATES THE COST OF MUCK LOADING IN TUNNELS AND SHAFTS 074800 0060

(CoilL i 1nucd)
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IFCMEX.9QG.OR.MEX.EG.4) 0O TO 100 074833 *O
c -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 074143 6044

C OADING COSTS ARE ZERO FOR MOLE OR RIPPER EXCAQPT104 AND FOR 074850 OSSO
C UT-AND-COVER SEGM~ENTS 674350 008
50 CLML*O *74870 *60

GO TO 300 *74 0* 09

TUCHELSFRTNE RSHF ?90O~

UCE*3.54 074970 0000
IF(RMLMAX.GT.108. ) UCE.6.60 074980 600
IF(RMLMAX.GT.300. ) UCE-12.90 074990 0000
UCM*0.62 075000 0000
GO TO 260 075010 000

c ------------------------------------------------------------------ 075020 0eso
C SHAFTS 075030 000
260 IF (PEX.EG.4) GO TO 50 075040 000

UCL.30*CFLCA 075050 0000
UCEe3.SO 075060 0000
UCM* 1.60 07S070 0000

C----- ---------------------------------------------------------- 075090 9000
C CALCULATE MUCK LOADING COSTS 075090 0000

250 CLMLoUCLS(HOURSSCFLUWK*YSDM )/AR 075100 9000
CEMt 'UCE*HOURS*CFEUUK/AR 075110 090
CNP1L.UCM%4u 07512t99600

360 RETURN 075136 0000
END 075140 0000
SUBROUTINE CMTAN(CLMT CEMT CMMT CLMH CEMH 4CMMH ITYPE MTM DR AR 075150 000
IHSFA V H14,LINING,RML AMLMA4 HSL6PE Bk ISHAPE RE UCLT UCE+ V UCLMH, 075160 0000
2HSCA.U6EMADMSTAB DLOCKCLIN6,HOURSOPtN DCEN~j UhACEX:LJUACbS AJBOX 075170 000
3 VSOIL.VROCK,*OT3OXCFLUJWK,CFEWWKCFCCADD .NSTYP.DTRNCHDDROCk) 075180 $00

C--------------------------------------- -- 10 0000
C--------------------------------- --------------------------------- 075200 0000
C CMTAH CALCULATES MUCK TRANSPORT COSTS IN TUNNELS AND MUCK HOISTING 07S210 0000
C COSTS IN TUNNELS AND SHAFTS. IT ALSO CALCULATES COST OF TRAN4SPORT 075220 0000
C FOR SACKFULL IN CUT-AND-COVER TUNNEL. 075230 0000
C ------------------------------------------------------------------ 075S240 0008
C SHAFT OR TUNNEL 075250 6400

IF(ITYPE.EO.2) GO TO 600 075260 at00
C 076270 60
C ------------------------------------------------------------------ 6075230 0000

IF(NSTYP.EQ.3) GO TO 200 075290 SOSO
C COST OF MUCK TRANSPORT IN TUNNELS 0753"0 606

GO TO (2S.",40.8S),MTM 075316 0966
C-- ------------------------------------------------- 075326 0000
C TRUCK TRANSPORT 2. TRUCK VOLUME/4 6330 $00

10 IF(I3NAPE.LE.2) Z95.6 - 9.9013(70. - DE)392 075346 "0S6
IF(ZSHAPE.EG.3) Z-4.6 - O.SSC3E-SO.*4/'206. 075366 0000
TRUCK~So.S * RMLMAXZ2D~1U .7 076366 060
!F!TRUCKS.LT.1.) TRUCKS-I. 075376 NO00

C---- ----------------------- - 075336 SO00

(Continue~d)
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c .TSTRUCICS*7.1 875396 6620
Ukml.6+3.1:Z )*TRUCKS 07540 6600

LJON.0@S(l.*6.77SA3S(HSLOPE ))DM 015410 060"
00 TO 4" 9*15420 0606

LC -- - - - - - - - - - - -- - - - - - - - - - '430 0600
C MA~IL TRANSPORT - FREE AIR *

7
9444 6600

C CALCULATION OF NUMBER OF CARS 645, 6606
40 CONTINUE 675460 0606

CAtSe (6. 646. 12DMRRO .333 )*RMLMAX 675470 090
I +AR/366.S(S.066.0S3SDM-0.IlSDM*0S.333 )*R'LMiAx 675460 000

IF(MSTAB.EG.l) GO TO 1000 07S496 0000
44 IF(CARS.LT.l.) CARS-1. 6550 000

C------------------------------------------------------- 0755106006
C CALCULATION OF NUMBER OF ENGINES 075526 0006

ENGINE-CARS' 11. 075536 60
55 IF(ENGINE.LT.1.) ENGINE*1. 07SS46 6060

UCL.15.2ENGINE.7.14*(DR.1. ).AR12. 675550 6006
UCEs.B*ENGINE.CARS.1 .48DM 075560 6660
UCM-0.03*DM 075570 0666
GO TO 460 075580 oee

C------------------------------------------------------0875596 0066
C RAIL TRANSPORT - COMPRESSED AIR 075606 0004
C 075616 6666

1000 DCR*0. 11DMS5286. 075626 0000
DCA*DM-DLOCC'52&0. 075636 0000
IF(DCR.CT.500.) DCRm500. 075640 6066
CARSo(l.+0.7/(DM.2. ))SCARS 0756S6 0009
IF(CARS.LT.1.) CARS*1. 07566 6666
ENGINE-CARS/11. 07S670 6606
IF(ENGINE.LT.1.) ENGINE*1. 075680 0600

C CALCULATE NUMBER OF CREWS INSIDE AND OUTSIDE THE AIR LOCK 075690 006
CREUAD.1 .-ENGINE*24/4000. 675760 000
IF(CREWAD.LT.G.) CRELJAD.0. 675716 0066
CREIJS*ENGI NE+CREWAD 07S726 000
CREUCA-1 .+CREUS-2. )E(DM*5286.-DLOCK-0.S:DCR )/DMI5O. -1.SIDCR) 075730 000
IF(DLOCK.LT.DCR) CREUCAeCREuS-1. 075746 006
IF(DM*S28O.-DLOCK.LT.0.5RDCR) CREUCA-1. 675750 0666
UCLui .5(CRE.S+(cFLCA-1. )SCREUCA )+ARSCFLCA/12. 07S760 0066

1. ~ ~ ~ ~ ~ ~ ~ ~ 9s? oes I12D4. SOKS8.~ACA~ 77606
UCEng.3*ENGINECARS,1 .4*DM 67S78e 000
UCrlm6.S33XDM 075796 0066
GO TO 40 675800 066

C-- - -------------------------------------------------------------6075816 0606
C CONVEYOR TRANSPORT - FREE AIR 675326 606

10 UCL.(6.0133AR0.6DM)SRT(P1LMAX+46. )4+.062AR-1 12DM 075836 0000
IF(HSLOPE.GE.906 UCECONs(1.+4.* HSLOPE)SRT(RMLAX.40. )-26.t 06546 0066
1 HSLOPE-1.S)2DM, 07S356 0006
IFCHSLOPE.LT.6.6) UCECON%(SORT(RMLMAX+46. ).6.* HSLOPE-1 .5)SDM 67566 066
IF(HSLOPE.GE.S.0) UCMCON*(.c.1+.23XHSLOPESD 675870 600
IF(HSLOPE.LT.6.41 UCMCON*0.G1zDM 675330 000
UCEMT-6. 675196 600@
UCmrIT-S. 675900 006

C ------------------------------------------------------------------ 075310 0000
IF(MSTAI.NE.i) GO TO 106 075920 9000C CONVEYOR TRANSPORT - COMPRESSED AIR 675930 0000
0CAsDM-DLOCK/SaSS. 975340 0000
UCLUUCLS(DLOCK/Sag6.,DCA*CFLCA.'DR,7.72CFLCA.*16.U 6759560 6666

C COS OF MUCK TRANSFER IN AIR LOCK 675968 060
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UCERTGI. 16 @75970 00
IFIRLMAX.LE.00.) UCEPV?4.60 *75980 ease
IF RMLMAX.Gt.30) UCEMT*l4.90 46990 "a0s
iCWT.48 AZ76000 0000

it"0 UC[.UCECO4,UCEI"T 076010 009O
UCN.UCMCO+UCMMT 076020 0000

C STORE COST VALUES FOR USE IN LINING COMPUTATIONS (SuI LINING) 676830 006
UCLT.(0.6*SQRTCRMLMAX*40. )-1.1 )*DM 071040 9000
UCETSUCE 07606 $00
0O TO 406 676060 $08

C;---------------------- ------------ --------------------------------- 0676070 s0**
c--------------------------------------------------------- 076030 00s0
C CONVEYOR AND TRUCK (FOR COMPRESSED AIR SEGMENT ONLY) 676090 090

30 IFCI STAY.NE.1) GO TO 20 076100 000
IFCDLOCK.LE.S.001) GO TO 60 076110 0000
DCAeDP9-DLOCK/S230. 076120 0000

C TRUCKS IN FREE AIR 076130 000
IF(ISNAPE.LE.2, Z-5.0 - *.081*(70. - DE)**P. 076140 900
IFCISHAPE.EG.3, Z-4.5 - 0.5*(9E-S9.)R*S422000. 076150 00
TRUCKS-0.06ERMLMAX/ZE(DLOCK'15280. )E*0.7 076160 0000
IFCTRUCKS.LT.1.) TRUCKS-1. 076170 0000
UCETR-(1.5*3.IOZ )*TRUCKS 076180 0000
UCMTR*0.0*( 1 .+0.7*A8S(HSFA ) )SDLOCK/5280. 076190 0000

C CONVEYOR IN COMPRESSED AIR 076200 0000
UCECONeDCA*( (1.+4.ZHSCA *SORT(RMLMAX+40. )-26.%MSCA -1.S) 076210 0000
UCMCONeDCA*(0.81+*.23sHSCA) 076220 000
IF(HSCA .GE.O.) GO TO 12ee 076230 0000
UCECON.DCA(SRT(RMLIAX+40. )+6.*NSCA -1.5) 076240 0000
UCMCON*0 .01*DCA 076250 000

C COST OF MlUCK TRANSFER IN AIR LOCK 076260 0000
1200 UCEMTS8.10 076270 000

IF(RMLMAX.LE.160.) UCE!9T-4.St 67680 000
IF(RMLMAX.GT.3610.) UCEMT.14.9 076290 000
UCMMTO .02 076300 000
UCLn( (S.OI3AR.0.6EDCA)*SGRT(RMLMAX+40. )+.0O63AR- . ISDCA )ECFLCA 076310 0000
1 *7.7C(TRUCKS*CFLCA )+23.9.CLINDSAR/I4OURS 076320 00
UCEoUCECON+UCE T+UCETR 076330 000
UCM*UCMCON+UCMMT+UCMTR 076349 0000

c ------------------------------------------------------------------ 076350 900
C CALCULATE MUCK TRANSPORT COSTS 076360 000
c--------------------------------------------------- ----- 076370 000
400 CLMT*UCLXHOURSSCFLWUK/AR 076380 0000

CEMT.UCE*HOURS/AR*CFEWK 076390 0000
CMMTwUCM*V 076400 000
IF(HN.GT.0.) GO TO 500 076410 0000

C SH4AFT IS A PORTAL, HOISTING COSTS ARE ZERO 076420 080
300 UCLm@. 076430 000

UCEef. 076440 0000
UCMw0. 076450 080
UCLIND*0. 0764606 000
GO TO 700 076470 0060

C COST OF DACKFILL TRANSPORT IN CUT AND COVER 076430 00
N000 DCENTo(OCENT*VSOZL-V3OX(DTRNCH-TOTIOX/2. ) )/V-UDOX) 076490000

IF(DROCK. LT.DTRNCI4) DCENT-DCENT.VROCK*SDTRNCN+DROCK )/2. ,(V-V3OX() 0765N0000
TRUCKS* (6.02.(OPEHeDCENT/@.1 )'7500. )SVIACE)(*(V-VDOX )*AR/HOURS 076510 0000
IF(?RUCKS.LT.1.) TRUCKS-1 076526 000
UCL'(10..(15..4.7DDS)*V3ACDSg(V-V3BOX):AR/i00. )*24./HOURS 076530 0000
I *U.8446.STRUCKS 076540 000
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UCE(I. (Ia.+58.1gDDS)zUIaCDS(V-UIOX)UAR/180.) *4./ 4OURS 076S6 0060
I +.40+a.7STRUCKS 76668 000
UCR-.OSUSDDS*UDACDS+6.0.005*(OPEN+DCEN/i.I)XUIACEX 676S70 *00

I +i.l2HOURS/AR/(U-V3OX) 07656 60
C CALCULATE COST OF BACKFILL TRANSPORT PER FOOT OF TUNNEL 076596 o00

CLRT-UCLSHOURS/AR*CFLUWK 076600 000
CEPT*UCEIHOURS/ARCFEUUK 07610 000
CM"T-UCMX(U-UBOX) 07660 0000

C RESET UNIT COSTS TO ZERO SO MUCK HOISTING COST WILL BE ZERO IN 076630 e60
C CUT-AND-COVER 076646 0006

GO TO 300 676650 00
C 023:*U*x E**),z*,3w:St**mxzx stszgzsx gagglgzzxzlue 676660 e000
C CALCULATE UNIT COST OF MUCK HOISTING IN TUNNELS 076670 000

500 UCL-3S.+ .003H* 1 .+O.O62*RLMAX),0.016$RMLMAX 076680 0000
UCE-IO. + 0.03*RMLMAX 676690 00
UCM-8.05 67670 0e
UCLIND,(SOO.+.04*(900..+HH)RMLMAX)/RL 076710 oo$
GO TO 700 07672 609e

C ------------------------------------------------------------------ 076736 0006
C CALCULATE UNIT COST OF MUCK HOISTING IN SHAFTS 076746 0060

666 UCL.e. 0767S0 000
UCE-G. 076760 000
UCM08. 076770 6000
UCLINDoS. 076786 e0
IF(NSTYP.EQ.3) GO TO See 076790 0060
UCL,29. + 0.602*HH*(1.+0.S8XRMLMAX) 076300 0o0
UCE-3.*0.O4*RLMAX 076810 0066
UCM*6.05 676826 0000
UCLIND@O. 07683 000

C----- ---------------------------------------------------------676340 0000
C CALCULATE MUCK HOISTING COSTS 6763s 000
700 OLMH.(HOURS*UCL/AR+UCLIND)ZCFLUUK 676870 0600

CEMHHOURS*UCE/AR*CFEWK 076330 00
CIMH-UCMURHNH/1000. 676890 000
GO TO 750 6769 6 6666

00 CLMHmO. 076916 e00
CEM"O. 076920 00
CMMH-O 676936 0606

766 CONTINUE 076940 000
C STORE COST VALUES FOR USE IN LINING COMPUTATION 676956 00

UCLMH-UCL 676960 060
UCEMH-UCE 676970 006

c 076980 006
RETURN 076990 00
END 07700 0666
SUBROUTINE CMUKDP(CLRDCEMDDCMMD.ARVCDS,DDS.UDS.NSTYPHOURS. 0770 006
C CFLUUKCFEUWK,ITYPE) 6776S0 0666

C---------------------- ----------------------------------6077030 0060
C--------------------------------- ---------------------------------6@77040 6660
C CMUKDP CALCULATES THE COST OF MUCK DISPOSAL FOR TUNNELS AND SHAFTS 077050 006
C------------------------------------------------- -77060 000
C ------------------------------------------------------------------6077670 006

C IFCITYPE.EG.2.AND.HSTYP.EQ.3) GO TO I00 077680 0000
c 677096 0060

C CALCULATE UNIT COST OF MUCK DISPOSAL 677106 006
VMiKDPev 077110 0000

(Continued)

Al157

......



C .S . .N i.t i .. .(. . .d

IF (NITYP.E[.3) ViKDP-UDS8V 07'120 sole
UCLs(C1.et15.5+4.7DDS)UMKDPAR/000.)sa4./eOURS 077136 00
UC(I .,(Ia.5,3.1OZDDS)*UIVKDP*AR/1000.)14./HOURS 017140 0000
UC"66*O.05DDS 077150 oMoe
8CDSSCDSE |KDPSO.*0003 077160 0060

C ALCULATE COST OF MUCK DISPOSAL 077170 0060
CLMD-UCLHOURS/ARCFLUUK e7'180 00#0
ClMDUCE[14OURS/AR*CFEUUK 077190 9@90
CMP~eUCDS*UCRSU8KDP 0772" 0004
40 TO Se ?077210 0000

C S7722S $000
100 CLMD-0. 077230 0000

CENDe4. 077240 000$
CMD-0. 077250 0000

C 077260 0000
200 RETURN 077270 000

END 877280 o000
SUBROUTINE CTSUP(CLTS CETS CMTS ROD MEXISHAPE,BEARRS BE40,BE6@ 077290 0000
I ITYPE Y DM NSTYP .FtSUPPTTPLATE,+SEG PSOILLED PTOTAL 077300 0000
2OD LINW. MbTAI CKLCA HOURS CFLWWK CFEEWK DSLURY .TRNCH DECK. 0 ?310 0000

S3DRDKTSRTWTUALE,SPDLT,UTSPDUTSP,UTANCH,TOTBOxlBRACE,SFA) 077320 0000
C---------------------------------------------------------------.-- 77330 000
C - ----------------------------------------------------------------- 077340 00
C CTSUP CALCULATES THE COST OF SUPPORTS IN TUNNELS AND SHAFTS 0773S0 0000
C------------------------------------------------------------------- 077360 0000
C ------------------------------------------------------------------ 077370 0000
C IS IT A ROCK TUNNEL OR SHAFT 077380 000

IF(MSTYP.EQ.1) GO TO S 077390 0000
C 11 IS A FLOU INDICATOR 077400 0000

11@4 077410 000e
C IS IT A SOFT GROUND TUNNEL OR SHAFT 077420 00

IF(NSTYP.EQ.2) GO TO 1000 077430 0000
GO TO IS0 077440 0000

C 077450 0000
C ZZ82*R*22S 2*R2Z*:2Rfl*$ISRl*8t****Z$ ZSS*2*x 077460 900
C ROCK TUNNELS AND SHAFTS 077470 000
C S 077480 000
C 077490 000

S IF(ITYPE.EO.2) ISHAPE-i 077O0o 0000
E-2.71828 877510 000
IF(ROD.GT.40..AND.ROD.LT.6@.) GO TO 10 077520 0000
IF(RQOD.LE.40.) GO TO 40 077530 000

C ROD .GE. 60 ROCK BOLTS USED 077540 0000
20 11-4 07755s 0000

S51 GO TO (200,81), MEX 077560 000
C CONVENTIONAL EX6AUATION 077570 0000

200 IF(ISHAPE.LT.3) GO TO 220 077530 0000
C ----- ---------------------------------------------- 077590 0000
C F IS A ROCK BOLT WEIGHT FACTOR. FF IS A UIRE MESH UEIGHT FACTOR 077600 000
C SHAPE IS OASKETHMANDLE 077610 0000

F-1.6 077620 00"
FFef.74 077630 0000
GO TO 30 077640 0000

C SHAPE IS CIRCLE OR HORSESHOE 07?6S0 0000
83e F-1.0 077660 000

FF-1.0077670 000
G0 TO 230 077680 0e

C MOLE EXCAVATION 077690 0We
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Ill1 o P.56 677700 S0"
PP.F*.0 607771O so

C CALUT9 IE INT OF ROCK DOLTS 077720 06W
3o UR3.(P:o.5533E*I (e.6e6*3E ,2( 100-ROD )38 w/( 158.-(oD *7773e 60ee

00 TO(14O,&l5),XTVPE 077740 *0e0
C CALCULATE WEIGHT OF WIRE MESH IN TUNNELS @7775SO" 

340 UMWFP3.3*2fl(1.-9.61IAOD) 077760 S0W
C --------------------------------------------------------------- @077770 so"
C UNIT COSTS OF ROCK SOLT SUPPORTS ZN TUNNELS 077780 0060

UCLOS. eIWR8SAR 077790 Sees
IF(BE.LE.lS.) UCE-1.76 077800 o00"
IF(DE.QT.1S..AHD.WRDSAR.LE.1066.) UCE-9.35 077810 ees
IF(BE.GT.16..AND.UR3SAR.GT.1000.) UCE-S.3S+0.*O23*(UR3XAR-1040.) 677826 060
UCM-.3asWWM+(0.23+RS/536000.)ZWRB 077830 ees
GO TO 30 077840 000

c-----------------------------------------------------------------077856 006
C WEIGHT OF WIRE MESH IN SHAFTS 677866 006

s5 UWUM-FFS4.2BE 07787 ees
C - --------------------------------------------------------------- 077880 00
C UNIT COSTS OF ROCK BOLT SUPPORTS IN SHAFTS 077890 00

UCL-e.S 077900 0000
IF(MEX.EO.13 UCE-e.6 077916 006
IF(rEX.EO.2) UCE-1.76 677926 0006
UCM.e.32*WWM+(0.23+RS/530e00.) URB 077930 000
GO TO 366 677946 006

c - ---------------------------------------------------------------- 6 77956 0o
C ROD IS BETWEEN 46 AND 60 INTERPOLATION OF COSTS IS NECESSARY. 077960 8000
C COST WILL BE COMPUTED FOA ROD-40 AND THEN FOR ROD-64 BEFORE 077976 0006
C INTERPOLATING TO OBTAIN COSTS AT ACTUAL ROD. 077980 0000
C 077990 000
C STORE THE CORRECT VALUES OF ROD AND BE 07966 00

10 RODD-ROD 678010 e0e
BBE=BE 0780 0006

0 ESTABLISH FICTITIOUS VALUES OF ROD AND SIZE FOR INTERPOLATION USE 678036 006
RE-DE40 678046 000

11.1 678060 0066
0O TO 410 678076 0000

C ROD .LE. 40 STEEL SETS USED 078080 000
40 11.4 678696 0006

410 GO TO (426 430 449),ISHAPE 67810 0666
C SHAPE IS CIRCLE 078116 6600

420 00 TO (4SO.466),MEX 078120 s0ee
c -- --------------------------------------------------------------- 78136 ee
C FACTOR FOR WEIGHT OF STEEL SUPPORTS-F 678146 606
C CONUENTIONAL EXCAVATION 678150 se
450 Fw.SZ((ROD-2S.)/1S9.)*X2+.22 678160 6606

c FIL- FACTOR FOR BLOCKING AND LAGGING 673170 60
FBL-t.6 078186 6660
GO TO 470 678190 00

C MOLE EXCAVATION 678800 8666
460 F-1.0 673810 00

FDL-4.B1 6732as sees
C WEIGHT OF STEEL SUPPORTS 47830 0000

470 ST-FSES(SRTICAS(S.7BBE-6.))+3.7-a3((ROD+aS.)/10.) 2E) 071140 060
O0 TO 430 78860 00

C SHAPE 1S HORSESHOE 07360s 00s0
430 WSTo4SS(SORT(ADS(.85)E-7.))+0.e0.3SGRT(100.-ROD)) 078870 0060
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FDL*.O.S.33E 878mb *0e*

GO TO 480 018290 6s*$
C SHAPE IS BASKETHANDLE s3eo see.s

440 hSTE5e(SORggASCS.SDE-6. ) e.3+0.l2*5ORT( 10.-ROD)) 879310 008F3L-I.,S.OO3*DE 6'1320 OOOO

C GUANTITy OF #LOCKING AND LAGGING 0'8330 000
430 DL.F0LS38(,.0@1U0.S@6(C117.-ROD)'100.)**2) 078340 so"

GO TO (496,50),ITYPE 08350 0000
c-------------------------------------------------------07833 0000
C UNIT COSTS OF STEEL SUPPORTS IN TUNNELS 078370 See

490 IF(MEX.EG.1) YY-l.1 878380 000
IF(MEX.EO.a) YY-1.0 078390 00
UCLYY*(0.SO1*WST*AR 0.4*BE) 078400 efeo
UCEVYY(6...0002WST*AR) 078410 ee.
UCM-36.*YY/AReO.O9SSwST+156. *L 078420 0000
GO TO 300 078430 eeo0

c - ---------------------------------------------------------------- 0 78440 0000
C UNIT COSTS OF STEEL SUPPORTS IN SHAFT 0'8450 0000
Set UCL-1.1/3.S(0.001*WST*AR+0.423E) 078460 0000

UCE-1.1/3.X(6.e0.002*WST*AR) 078470 0000
UCeO.95*WST+150.*3L 073480 0000

c - ---------------------------------------------------------------- 0 78490 0000
C COST OF SUPPORTS 078500 0000
C 078510 ee

300 CLTSo(HOURSICFLWUK+YSDM)$UCL/AR 0'8520 ees
CETSoHOURSXCFEUWK*UCE/AR 678530 0000
CRTS-UCr 073540 0000

C ------------------------------------------------------------------ 073550 0008
IF(II.GE.3) GO TO 700 078560 000
IF(II.GE.2) GO TO 600 078570 0000

C STORE COSTS COMPUTED USING FICTITIOUS ROD-40 079586 000
CL4@-CLTS 078590 0000
CE40wCETS 76780 000
CM46-CMTS @78610 000

C REDEFINE ROD TO A FICTITIOUS VALUE OF 60 FOR SECOND PART OF 078620 0000
C INTERPOLATION COMPUTATION e78630 000

ROD-SO 078640 0000
BE-aE69 078650 000

C REDEFINE FLOW INDICATOR 078660 0e0
II-II1+ 078670 00
GO TO 510 078680 000

C STORE COSTS COMPUTED USING FICTITIOUS RQD-60 078690 000
SO CL6S@CLTS 078700 0000

CE60,CETS 078710 ee
CMmO.CMTS 078720 0e00

C - ---------------------------------------------------------------- 0 78730 000
C INTERPOLATE BETWEEN ROD OF 40 AND 60 TO OBTAIN SUPPORT COSTS 078740 "O

CLTSuCL4O$+(RODD-40)/20):(CL6O-CL40) 078750 0000
CETS-CE4O+((RODD-40)/E0) (CE6O-CE4@) 078760 000
CMTS-CM40+((RODD-40)/30)2(CM6O-CM4O) 073770 000

C ---------------------------------- ------------------------------- 07880 00
C REINSTATE ORIGINAL VALUES OF ROD AND BE 078790 000

RQD.RGDD 079840 eoS
IE'33E 078810 "Oo

700 RETURN 0780aS 000
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C 073830 0000

c SOFT GROUND TUNNELS OR SHAFTS 073350 0000
C *S3800R32sZ2*88*****UUE~l~5S*** 73360 100
C @73370 000
C ESTABLISH SHAPE FACTOR BASED ON PERIMETER 073330 00
10"e ZFCITVPE.EQ.2) GO TO 163S 078390 0000

GO TO(10i10,1036 ),ISHAPE 07ggoo also
C CIRCULAR $73910 0060
1010 SFP3.14 073920 $000

GO TO lose 073930 000
C HORSESHOE 073946 3000
INS0 SFPm3.S7 073950 6000

GO TO 10s0 078960 0tt0
C RASKETHANDLE 073930 0000
1036 SFP-2.66 794se

GO TO 10s0 073990 090
C SHAFT SEGMENT 079000 0000
1035 IF(ISHAPE.EG.1) GO TO 1010 079010 0000
C SQUARE 079020 000

SFP-4 079030 000
1060 PERMTR&..58(E.3F )SSFP 079048 900

GO T0C1060,1070 1060 1300) ISJJPPT 0'9650 sees
C SEGMENTED CAST IRON 6R STEEL SUPPORTS 079060 000
1060 So3 079070 0ee0

GO TO 1030 07"0000
C SEGMENTED CONCRETE SUPPORTS 0'9894 0000
1070 SP4 079100 t0o"
1030 TIJEB-TPLATE 079110 0000

IF(TUED.GT.1.) TUED-1 079120 0000
AREA*SITPLATE+2 * TWEDE CTSEG-TPt.ATE) 079130 $00

C CALCULATE SUPPORT QUANTITIES 079144 900
GO T0C1110,1120.11902.ISUPPT 079150 0000

C ------------------------------------------------------------------ 079160 000
C SEGMENTED CAST IRON SUPPORTS 079170 0000e
1110 CI45.*(AREA,0.6672(S-2.*TUED U(TSEG-TPLATE ):TUED b'SEPERMTR 079130 0000

YY*0.I3*UCI 079190 090
GO TO 120e 07920" $00

C--------------------------------- --------------------------------- 079210 000
C SEGMENTED CONCRETE SUPPORTS 079220 00
1120 VL*1./27.:RAREA.0.667:cS-2.ETuE )S(TSEG-TPLATE IETUED 'S:PERMTR 079230 0000

IF(ITYPE.EQ.2) GO TO 1175 079240 000
C TUNNEL SEGMENT 079250 0000

GO TO C1150,1160,1170),ISHAPE 079260 4000
C CIRCULAR 079270 0000
1150 RST*0.01 079230 0000

GO TO 1135 079290 s000
C HORSESHOE 079300 "S00
1160 RSTw4.03a-f. lIE-6IPTOTAL 079310 0000

PMINT*64*00. /3F*X.5 079320 0003
RSTMNT.0@ 3a-0. IUE-6*PMINT 079330 000
GO TO 113 079340 000

C RASICETHANDLE 079350 0000
1170 RSTOO.032-1. 13E-6*PTOTAL 079360 ""0

PMZNTwOOSOO./2Fu1 *7 079370 "O00
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A THqNTu0.632-0. 16E-6INT 079330 e000
aOTO 1180 079390 0000

o OHMFT SCOMINT 079400 906
1171 IFCISNAPE. 0.1) 0O TO 1156 079410 006

o IQUARE 079420 0000
NS?.0.034-0. 13E-SSPTOTAL 079430 "SO6
PMlmTwm0./vF**1.9 079440 0000

RMTm0 .034-0. 13E-S*PMINT 0794S0 0000
1130 ZF(PTOTAL.LT.PMIMT) RSTo.01.(RSTMNT-0.0l )/PXNT*PTQYAL 079460 0e6*

IFCRST.LT.0.01) RSTe.81 079470 0000
1135 YREIt.491 .*RST*VLS27. 079430 000

Y~u9.*UL'0. ISUREIN 079490 00600
00 TO 1300 079500 e6se

C ------------------------------------------------------------- 079510 0600
C SEGMENTED STEEL SUPPORTS 079520 0000
1190 UST.491.6(AREA+0.6673(S-2.STWE3 )s(TSEG-TPLATE )STWED )/SXPERMTR 079530 0000

Ven. 09S3UST 079S40 000
1800 ?F(ITYPE.EG.2) 00 TO 1210 079550 0000

C TUNNEL SEGMENT 079560 0000
Y3. 1 079570 0000
GO TO 1230 079580 0000

C SHAFT SEGMENT 079590 0000
C IS COMPRESSED AIR USED 079600 0000
1310 !F(MSTAI.EG.1) GO TO 1220 079610 0000

V3eS.333 079620 0000
00 TO 1230 079630 0000

1820 Y3-1.2S 079640 000
1230 UCL.Y3:(50.i.0.4IEU2ZU(CFLCA-1. *2./3.+.. 079650 000

IF(ITYPE.EQ.2) UCLeY3*(SO.+S.O4*3E**2) 079660 0000
UCEwY3C(S.S+.0.03*(IE+1O. )X*2) 079670 0000
UCMaY3IC2. 1.0.001*3E332 )*HOURS/AR+YY 079680 000

C-- --------------------- ----------------------------------- 079690 0000
C ADD COST FOR CAULKING SEGMENTED SUPPORTS IN WATERTIGHT TUNNELS 079700 00
C AND SHAFTS 079710 0000

IF(L.ZNWT.EQ.1) GO TO 1240 079720 sets,
00 TO 1350 079730 000

1840 IF(ITYPE.EQ.2) GO TO 1250 079740 000
C TUNNEL SEGMENT 079750 0006

IF(ISHAPE.EG.1) GO TO 1260 079760 0000
C HORSESHOE OR BASKETHANDLE 079770 000

SEQN-6(Continued)
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00GO 1&179 079836 W004
c CIRCULAR 07M840 0049

La~. (00.3 79350 "0a0
1 JOIKt.3EISFPSSEGt4 079350 WoO
IF( £TPE.E0 .1) UCL.UCL.0.17S*CJOINTXAAECFLCA/H"uS @7937404146
IF(ITYPE, 10.2) UCLaUCL*S.175*CJOINT*AN/OUiRS @79330 "o
Uc9-UCE+@OS~CJOXNTIAE/HOURS @79390 WOSO
UCN*UCN*0. 3*CJOXNT 079900 "O
Go TO 1350 079910 0000

C ------------------------------------------------------------------ 0479980 s000
C STEEL RID SUPPORT @79930 00600

13W0 Suo$.-.6*ALOGCPSOIL) 07994604WOO
IF(S.GT.S.) 6-6 079950 0e00
AREAe./144.*EXP(4.26SRT (UED-0.33)) V79960 0000
IQSTe491 .IAREA*SFP2CDE-UE1 'S 079970 0000
3LTNC~e./.,35.:SQRT(PSOIL)*(9.5-0.65SALOG(PSO!L)) 079930 000

C ASSUME MINIMUM LAGGING THICKNESS TO BE S INCHES 079990 $00
IF(5LTWCK.LT.5./12. )5LTMC~.5./12. 080000 e0se
SL.DLTHCK*12.RSFP*UE-LTHCK )'10S0. 080010 0000
IF(ITYPE.EO.Z) GO TO 1380 086M2 0000

C TUNNEL SEGMENT 080030 s000
yvel1080404 000

Y3*39.6 080050 f00t
GO TO 1340 080066 0000

C S14AFT SEGMENT 086 000
C IS COMPRESSED AIR USED 08080 0000
1380 IF(PISTAR.EQ.1) GO TO 133 08809 06e6

VY&.1/3. 68199 e0o6
V3-0 080110 0000
GO TO 1340 080126 0000

1330 YVe1.4 030130 0000
V3-Sf 080140 0400

1340 UCLseY(.01USTAR0.4SE1C(CFLCA-1. )12./3..1.) 080150 0000
IF(ITYPE.EO.2) UCLaYY*0.0flXUST*AR+0.4x3E) 030160 0000
UCEvY * 6.+. 0002:STXAR) 688176 0000
UCMeV3/AR+.. 951 ST.150 OIL 080180 0000

C ADD COST FOR BACKFILL GROUT 080190 0400
1360 VVACKG*SFAVcIO11Q-VE1*) 08010 0006

IF( ITYPE.E0. 1) UCL.UCL*1 .3gUDACKG*ARXCFLCA/HOUR5 08081 00
IFC ITYPE.EQ.2) UCLaUCL.1 .3EUDACKGSAR/HOURS 080810 0000
UCE*UCE+.S95UBACICGXAR/HOURS 680830 0000
UCFI.UCMI. 1UDACCG 60040 00
00 TO 300 03050s$ 0

C 030860 "s06
c IR*IOggSEEBO*VR:~g2*1RZS*Z2I22gE S 0887 SO0
C CUT AND COtJER 030ES304160
C 61141210f31312ssE111glggggzo~::hgs) 3298 00004
C SET COSTS'O 030300 "000

1300 UCL-0 0303160441O
UCE.0 40331 0000

UCM~o030330 0000
C IS IT A SHAFT 030340 000

IFCZTYPE.EG.1, GO TO 1509 08035604WOO
CLTS.O. 03036404WOO
CETs.. 030370 "O00
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CRT~l. 80386 0060
RETURN 080390 *S0

C FOR SLOPING CUT. ONLY COST OF ROCK DOLTS UILL BE COMPUTED 00400 "Of
ISS IF(MEX.EQ.7 GO TO 17S $0416 0000

C IF OPEN CUT 1S ENTIRELY IN ROCK, ONLY COST OF ROCK DOLTS IS 630424 0060
C COMPUTED FOR SUPPORTS 080430 @e0

IFCDROCK.LT.@.1) GO TO 1760 880440 0000
DROOF-DTRNCH-TOTBOX 0804S6 *,ee
IF(ISUPPT.EO.6) GO TO 1510 080460 0000
00 TO1515 680470 0000

C - ---------------------------------------------------------------- 36436 006
C SLURRY WALL 080490 0000
C - ---------------------------------------------------------------- 8 e5 0000
IS10 IF(DROCK.LE.DROOF-2.) SLURRY-O.SXDROCK/12. 080s1 ees

IF(DROCK.GT.DROOF-2.) SLURRY-e.s*DTRNCH/12. 080526 0000
IF(SLURRY.LT.I.S) SLURRY*1.S 080530 0000
UCL-UCL+14S.XDSLURY*SLURRV/260.ZAR/HOURS 080540 000
UCEoUCE+181.,DSLURV3SLURRY/260e.*AR/HOURS e80sse 000e
UCM-UCM(1.4SSLURRY-O.6)XDTRNCH*I.IS 08050 00ee

C ---------------------------------- ------------------------------- 0805s 0000
C UALES AND STRUTS 080586 0000
C - ----------------------------------------------------------------- 080590 0000
C WALERS AND STRUTS ARE SPACED 10 FEET VERTICALLY. 080606 0000
C ACTUAL NUMBER OF STRUTS AND WALERS REQUIRED IS DSOIL/10 - 1 080610 0086
C BECAUSE RESTRAINT AT BOTTOM OF SOLDIER PILE ACTS AS A STRUT. 080610 0000
C IF ACTUAL NUMBER REQUIRED IS LESS THAN ONE. THEN USE ONE. 080630 000
C IS ROCK LINE ABOVE TRENCH BOTTOM 080640 Ne0
1515 IF(DROCK.LT.DTRNCH) GO TO 1520 080656 0000

STRUT,(DTRsCH/,O.-1.)/15.B*E*WTSTRT 080660 0000
IF(IIRACE.EO.3) STRUT-(DROOF/'e.-.)/15.*BEZUTSTRT 080670 0000
WALE-(DTRNCH/lO.-1.)*2.*WTWALE 080686 0000
GO TO 1S60 080690 000

1526 STRUT-(DROCK/lO.-1.)/15.*BE*UTSTRT eee 00060
IF(IBRACE.EQ.3 .AND. DROOF.LTDROCK) STRUT-(DROOF/'e.-1.J/15.* 080710 0000
IBE*LTSTRT 080720 0e0e

C IS DECKING REQUIRED 080730 0000
IF(IDECK.EO.1) GO TO 1540 080740 000
VALE-(DROCK/e.-1.)*2.ZUTWALE 080756 000
GO TO 1560 080760 0000

1540 UALE.(DROCK/10.-1.)*2.XITUALE+((DTRCH-ROCK)/10.-1.)S3.913. 080770 000
C VERTICAL CUTS IN SOIL LESS THAN 30 FEET HAVE ONE STRUT 080780 060
1560 ZF(STRUT.LTBE*WTSTRT/'S.) STRUT-DEXWTSTRT/15. 090 0000

C THERE ARE TUC WALES FOR EVERY STRUT AND A MINIMUM OF TWO WALES 080800 000
C CONNECTING DECKED SOLDIER PILES IN ROCK esele 000

IF(IDECK.EG.I.AND.DROCK.LT.DTRNCH.AHD.UALE.LT.2.*WTUALE+26.) 630820 s00s
1 WALE2.*UTUWALE,2E. 068030 0000
IF(UALE.LT.2.,UTWALE) UALE-Z.*UTUALE 080340 000
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C NO STRUTS IF COI9PLETELY SUPPORTED by ANCHORS 030850 *sea
IF(ISMACE.E0.2) STRUT-$ 030686S *g0

C NO UALES FOR SLURRY WALL 080870 "as
IF(ISUPPT.EC.63 UALEOM esage@ eog.

C NO COSTS OF WALES AND STRUTS FOR SLURRY WALL SUPPOR'ED BY ANCHORS 08800 "Of
IF(ISUPPT.EG.6 .AND. IDRACE.EG.2) GO TO 1570 08age6 se6s
UCL.UCL.45..1 .3SSGRTCWALE.STRUT) 086916 *OSS
UCEOUCE.15.*0.45SGSRT(UALE+STRUT) esaes sees
UCM.UCM+.S *WLALE+0.24*STRUT 08.93, e0g.

------------------------------------------------------------------ 6869g40 00
C ADD COST OF SOLDIER PILES 68956 eeg.
c ------------------------------------------------------------------ 00e e se
1576 IFCISUPPT.EO.6) GO TO 1665 08eg76 eg.

IF(DROCK.LT.DTRNCM) GO TO 1590 080980 ea66
SPLT*DTR#4CH. lB. 090996 0000
GO TO 1600 081666 s660

1586 SPLTuDROCK+16. 08110 ee60
166 IF(IDECK.EG.S) SPDLT&SPLT 081026 gee.

IF(IDECK.EG.O) UTSPD-UTSP 681630 ee0e
GO TO 1610 681640 eeee

C SOLDIER PILES EMBEDED IN SLURRY WALL esiese ses
1665 SPLT-DSLURY 691060 eae

SPDLT*DSLURY 081070 os00
UTSP-13 091680 66s0
UTSPD-13 0a1090 eae

1616 PILE'(2.:SPLT*UTSPeSPDLTUTSPD *2./15. 08I1M 0e0s
DWTAUG*SGRT(6. S(2.*ITSPZSPLT.WTSPD*SPDLT)/(2.*SPLT4SPDLT), 681116 660e
SPLTAV-c2.*SPLT.SPDLT )/3. 091120 6060
UCL*UCL+(6.009S(OWTAVG.7. )z*2-0.2)1S.4*SPLTAUS3AR/HOURS 081130 0666
UCEoUCE+6 .e2gDWTAkJG25PLTAVZAR'IHOUPS 081140 0600
UCMoUCM+0.012EUTAGSPLTAV+0. 1*PILE 081156 6660

C------------------------------------------------- 081160 6606
C ADD COST OF LAGGING 081170 0000
C ------------------------------------------------------------------ 6081186 0606
C NO LAGGING FOR SLURRY WALL 081190 6000

IF(ISUPPT.EQ.61 GO TO 1710 081260 ese0
IF(DROCK.LT.DTRNCH) GO TO 1660 M8ale toot
IFCDTRNCs4.GT.25.) GO TO 1646 68126 606
BL9DTRNCM93.t2.,16090 081230 0666
GO TO 1760 091240 0000

1646 3La(25.23.e(DTRNCH-25. 3E4. )*2./1600. 081256 sees
GO TO 1760 681860 0666

1666 IF(DROCK.GT.25.) GO TO 1686 631270 006

(Continued)
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081390 0900
170 U L+L,3.z*RSDL/HOURS/0.1 031310 000"
1UOI# CE14 S313aS 0000
R,.UN. W SIL 031336 000§ ADD COST OF TIERACj-Z --------C------ORS------- 031356 0000

OR- 031350 000
C NOTIEDAK ANC14ORS IF COMPLETELY SUPPORTED DY STRUTS 031370 0000
t710 ZC talrAE.Gl GO TO 1750 081330 0900

ZFCDOOCK.LT.DTR4CW) GO TO 1720 03139e 00"
ANCHLT*0.- 3*DTR4CH+Nl. 031400 0000
DSOIL*DTRt4CH 081410 0000

C YlePORTZON SUPPORTED BY TIEBACKC ANCHORS 081426 N06$
V181 031430 00
IF( IDRACE.EG.3) Yl.TOTDOX/DTRNCH 081440 0,
40 TO 1740 031450 00

1720 ANCWLT*0. 3*DROCK+20. 081460 0000
DSOIL*DROCK 081470 080

C VisPORTION SUPPORTED DY ANCHORS 981480 00e0
IF(I3RACE.EQ.3 .AND. DROCK.LT.DROOF) VI-1 081490 000
IF(IRRACE.EQ.3 *AND. DROCK.GT.DROOF) VI. (DROCIC-DROOF 1/DROCK 031500 0000

1746 At4CHDIwSQRT(I.TANCH/.6S7) sel5s.0 0060
ORTAICE*1 .3SDSOIL 081520 0060
44F.CANCHLT-a0. )*0.735:( 1-(ANCHDI/12. )132'27.Z0.04EDSOIL 0M813 000
UCLAN.3.*ANCNLT*DSOIL *AR/HOURS/(10.-I0./ANCHLT)*Yl 031540 000
IF(UCLAMl.LT.75.) UCLAN*7S 081550 0060
UCEANe.?7AMNLTSDSOIL ZAR/HOURS/(10.-80./ANCHLT)*Y1 @91560 0000
IF(UCEAN.LT.1?.S) UCEANwl7.6 031570 000
UCMAN*(AhCHDIII2CO0.U-0.6O3IANCHLT )36.04IANCI4LT*DSOIL +84.RGRTAKE 031580 9069
1 /27.+6.76ZIJDF)*Y1 031590 000,
UCLUCI..UCLAh 081600 0000
UCEwUCE+UCEAN 011610 0000
UCM*UCM+UCMiAN 081620 900

C ------------------------------------------------------------------0381630 0000
C ADD COST OF ROCK DOLTS 981640 0000
C ------------------------------------------------------------------0381650 00*6
1756 IF(DROCK.LT.DTRNCHI GO TO 1760 081660 0O00

GO TO 1360 931670 0000
1710 ANCHLT.0.25:(DTRNCH-DROCK)+aS6./RQD 031680 0000

UCLR3*110.*ANCHLTS(DTRNCH-DROCK)*AR/HOURS/'1.2.136./allO.-ROD) )122 081690 0060
1/(50.-O9SIANCHLT) 081700 S060
IFCUCLRD.LT.54.) UCLRD*S4. 081710 0006
UCERD*20.*ANCHLT*CDTRNCH-DROCK IAR/NOURS/(1 .2+130./(110.-ROD) 3112 031720 0000
1/(SS.-0.2S*ANCHLT) 9030 0000
IF(UCERD.LT.10.) UCCAD*10 011740 0006
UCP R3.1.S8ANCMLTX(DTR4CH-DROCK )/(1.2+130./C 119.-RoD) )*12 031750 0000
UCLoUCL+UCLR3 081760 06008
UCEwUCE+UCERD 081770 009
UCMBLJCA*UCNR3 081730 0000s

1300 ZP(REX.EO.7) 00 TO 300 031790 0000
C ------------------------------------------------------------------ 08180"s0
C DECKING 08isis See0
C-------------------------------------------- -------- 6L8s "as0
C IS DECKING REQUIRED 631836 0060

1PCIDECK.E0.1) 0O TO 1320 031140 0006
GO TO 300 081350 "o60

(Continued)

A16 6



(t)5 It'N I ist ii ((,,nit i it, d )

C ADD COSP OF TIRIER $lellS es
18M UCL .UCL+, 078SIEEA/HOURS Sl1? $U0

UCI UCE+O. OWI3IIIR/HOUR .3111. Oto
UCR-UCI. 18*3 631a9 le

C Mo COST OF GIRDERS AND STRINGERS Slot se eO
UCL.UCL,+lg+(6.31K[S.II.)**/40060. 411918 4ewe
U,.oUCE..7. .)IE /16006. *819s sees
UCN-UCN0. 16i(S.331E+3*.) 081939 U00
00 TO 300 081940 WOO
END @81956 S60o
SUBROUTINE LININGI(CLLCEL CML CLFUCEF, CMFU ITYPEL:hINGRD.PEX 081960 0066

1I.TL 30,040 IF Y D oIONS6, IS4E It UCLT UCETMTM, 081970 e0e
BUCLIH U61EMH SFA N6FO RARNTST'YPPSOIL.PUA+ERUtSFP, 481980 sale
3FORMAANOURSCFLCACFLU&UKCFEUUK) 081990 eeo

c-------------------------------------------------------- 082866 S6s0
c - ---------------------------------------------------------------- 8 ae1e 066
c LINING CALCULATES THE LINING COSTS AND THE FORMWORK COST FOR A 982928 ees
C TUNNEL OR SHAFT SEGMENT 682636 0066

------------------------------------------------------------------6082646 ease
IF(NSTVP.EQ.3) GO TO 910 682056 000

C uzug:*z*:ga*:g::* ROCK OR SOFT GROUND 1282 Sf222211218 0826 0660
C II IS A FLOU INDICATOR 082076 6660
C ----------------------------------------------------------------- 682606 6see
C ------------------------------------------------------------------ 082690 6066
C 082266 ees
C IS SEGMENT LINED 08116 e0e

IF(LINING.GT.0) GO TO 37 082126 e s0
C SEGMENT IS UNLINED --- SET ALL COSTS TO ZERO 082136 6660

CLL-4.S 082140 060
CEL-0. 6825 6se66
CML-S.6 412166 6666

2 CLFUsS.e 692176 sees
CEFUnG.0 682180 66664
CMFUmO.8 682190 0066
RETURN 682266 00

C 682216 0006
C 632280 e0e
C ---------------------------------------------------------------- 612236 ees
C RATIO OF REINFORCEMENT TO CONCRETE BY qOLUME 082246 Saf0
C ------------------------------------------------------------- 6082250 066
C SET MINIMUM STEEL REQUIREMENTS @82266 606

37 IF(NSTYP.EG.l) RSTMIN-s.05 032276 6606
IF(NSTYP.EG.2) RSTMIN-e.61 68296as 66
IF(ITYPE.EG.2) GO TO 49 082896 6se

C TUNNEL SEGMENT 082366 000
00 TO(4142,46),ISHAPE 682316 600

C CIRCLE 632326 006
41 RSToRSTNIN 082336 6606

GO TO 4 012340 6 0
C HORSESHOE 032366 666s

41 RST.6.014-7.3E-8IPWATER 688360 0666
ZFtLINING.EO .) PMINT-19566O6/FX*1.? 082370 6600
IF(LINING.EO.2) PMINT.365S6/04Fur .6 632J380 0066

44 RST"NT*-.04-7.3E-I3PMINT @3139 600
GO TO 48 032400 000
3I SiETHANDLE 08480 09410

41 RSTe.14-6.6E-ISPATER S8a42* $0418
I(LINING.EG.1 Pf' IhNu88 S/]F*2X.S @82430 0660
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43 I~tL2NINO.EO-2) PMINT.5600,F**1 .8 612440 000
4? 45TF1NeT.614-6.SE-*P9ZNT 682450 0090000 TO 48 982469 0900

C SHAFT SEGM9ENT 033470 0606
C IS IT CIRCULAR SHAPC $ese ego,46 IF(!6HAPC.EQ.I) GO TIO 41 082490 0900

RST-. .31-6 .2SE-8XP WATER 08i500 000
IF(LINING.EG.1, PMINTm175000-'bF*SI.9 682510 0000

60 IF(LINING.EG.l) PMINT.300/B'F*2.j.8 Gap-Sao 00051 RSTfqMT*0.*1S-6.2SE-BP9ImT 082530 000041 IF(PWATEF.t.E.PMINT) RST-RSMlIN.STNT-RTNlhzPI TER/PI*NT 682540 0000JF(RS?.LT.RTMIN) RST.PS1P'IN 082550 Dee
C--------- ------------------------------------------------- 082560 0000C IS 1T A SOFT GROUND J.UNNEL OR SHVAFT 082570 00004 IF(NSTYP.EO.2) GO TO 40 082580 0006C ROCK TUNNELS OR SHAFTS 082590 0800C CHECK ROD 0826030 0000

5 IF(ROD.LE.40. ) GO TO 40 082610 0000
XVRDOE6. Go TO 20 082620 0000

C ROD IS BETWEEN 40 AND 60 INTERPOLATION OF COSTS IS NECESSARY. 082630 0000C COST WILL. BE COMPUTED FOA R6D*40 AND THEN rOR ROD-60 BEFORE 082640 0000
C INTERPOLATING TO OBTAIN COSTS AT ACTUAL ROD. 082650 0000

10 11-1 082660 0000C STORE THE CORRECT UALUES OF ROD AND BOB 082670 0000
RGDD*RGD 082680 0000
BRO80808 082690 0000C ESTABLISH FICTITIOUS VALUES OF ROD AND SIZE FOR INTERPOLATION USE 082700 0000
ROD-46. 082710 0000101-10940 082720 0000
Go To 5S 082730 0000C ROD .QE. 6o 082740 0000

20 1204 082750 000030 F-i. 082.760 0000
GO TO (200 300) LINING 082770 0000C ROD ALE. 46 082780 000040 1104. 082790 0000

55 IF(LI1NING.Ea.1) GO TO 200 082800 000C IS THIS A SOFT GROUND TUN4NEL OR SHAFT 082810 o00e
IF(NSTYP.EG.2) GO TO 300 082820 000
Sa@.OSSROD+1,2S 002830 0000C TI. IS STORED IN FEET 082840 0000

59 IF( TL.LT-UE8) GO TO 70 082850 0000C F IS A FACTOR FOR INCREASING SHOTCRETE VOLUME OAER STEEL SETS 082860 0000
60 F-1. 082870 0000

GO TO 300 082880 000070 F.(S+WE814.,1 082890 0000
110 To 300 082900 0ee$

C 082910 0090
C CON4CRETE LINING 092930 00,0C ------------------------------------------------------------------ 082940 000a00 ULwSFA/27 .(3032$2-2F**22 0829501 We,

V.LREINSFA2?.X(1E*-3FX%2.) 08940 We0IFCNSTYP *EQ.8) VL44./27.*SFASTL*(BF+TL) 082970 0001F(NS?yP.EO.6*) VJLNEZN.L *18980e to0$UREI1N%491 .2RSTOVLREIN*27. 032900 00o$
GO 70(aes as*) ITYPE 033040 00008ll IP(NSTYP.tG.8) GO TO 830 033010 $00

(cc) 11t i ntlcd)
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C - - - - - - - - - - - - - - - - - - -- - - - 083020 000
c UNIT COST OF LINING MATERIAL TRANSPORT IN TUNNELS ONLyV 0830%0 0a0e

q0 TO (a81 116 2a3.2a1)4M 4ire 36;0 0oe0
C TUCK TiAh4ipoR*f, Z*T UCK VOLUME'4 083056 0900

&at PIF5ISAPE.LE.a) Z..001(0-ES808360 .00
IF(IIWAPC.EQ.3) Zm4.S-(3E-SS. )4*4/440$*. 683070 0000
TRUCKSvC@.2IID!.0.48 2SUL/Z 08980 0000
IF(TRUCKS.LT.1.0, TRUCKSol. 08360 0000
UCLT*..7TRUCKS+7. 1 083106 Goes
UCET.C 1.5+3. 1RZ )TRUCKS a83118 00e
0O To 826 083120 0000

C RAIL TRANSPORT 093130 800t
203 CARSw($.42XDM,1.5)*UL 083140 206

IF(CARS.LT.1.0) CARS*1.0 083150 0000
ENGINE-CARS/19. 093160 0000
IF(ENGINE.LT.1.0) ENGINE-1. 093170 000
UCLT-15.lENGINE+21 .*DDN0.82 683180 0000
UCET-.S*ENGINE+CAR$+1 .4*DR 083190 0000
GO TO 226 093200 0000

22S CONTINUE 093210 0000
C CONVEYOR -- UCET AND UCLT WERE COMPUTED IN SUBROUTINE CMTAH 083E20 0006

226 AL-3.%HOURS 093230 0000
GO TO 240 083240 0000

230 UCLT*0 093250 0000
UCET *0 083260 0000
UCEMH-0 083270 0000
AL-AR 083280 9000

C UNIT COSTS OF LINING IN TUNNEL 693290 0000
240 UCL-(0.0018*(VLSAL/HOURS+160. )*:2-12.+UCLT)RCFLCA 083300 0000

"CE-S*.+0. 3*UL8AL/HOURSUCETUCEMHI 083310 0000
UCPI-13.+0. 15*UREIN/VL 083320 0000
GO TO 400 083330 000

C------------------------------------------------------- 083340 0000
C UNIT COST OF SHAFT LINING 683350 0000

260 UCL- 25.3.0VLUCLIH 083370 0600
UCE- .40 .40*VL4UCEMM0837 00
UC~w13.+0. 1S*UREIN/JL 083380 0000
AL-2. IMOURS 083390 0000
GO TO 400 083400 000

C R :$ sZ U oo:**S *:I*z Ih:fU E083410 0000
C 083420 000
C SHOTCRETE LINING 083430 0000

300 V.L .4. SFA/27. ETL:F C BOB-TL) 083440 0000
IF(NSTYP.EG.2) UL-4./27.*SFA*TL*C8F.TL) 083450 0000I
VLREINmVL 083460 000
AL-AR 083470 0000
IJREIN*491 . RST*VLREIN*27.084 00j

C---------------------------------------------83490 0000
C COST OF LINING MATERIAL TRANSPORT IN SHOTCRETED TUNNELS 16 083600 9000
C INCLUDED IN MlUCK TRANSPORT AND HOISTING COSTS. 683S10 000
C CALCULATE UNIT COSTS OF TUNNEL AND SHAFT LINING $83520 000

UCL(0O.036*(ULALHOURS4O. )*22.+10. ICFLCA 083530 000
IF(ITYPE.EQ.2) UCL-0.63SE(ULXAL44OURS+4S. )ZZS.10. 083S6 0000
UCE-6.004*(VLSAL4IOURS.100. )X8. -23. 0836SO 0060
UCMs 14.*+0. 15*IREIH/VL 083660 0000

C 92m88**~fEi~z*Z::21*l~2:* f2 3570 600
C 083684 tot0

406 CONTINUE 033690 606

(Coitinued)

Al169



(:OSI1!N IList iti (Co.it iliti-1)

C CALCULATE LINING COSTS 083600 060e
IFCLIIN.90Q.) UCLI'IM.e. 083610 at"
IP(TYP .30.1)CLL,(HOLNSJSCFLuWKY*DM)/ALSUCL HOURS3CFLiIKxUCLMN/AL 68314 saf
IF( .3) ¢L.HOURS IUCLSCFLWK/AL 983630 ..
CELD 4OiCFUI€SUCE/AL 013640 SO"
CMLeUL*UCN 083650 SO

C .. 03666 ONG
F(II.01.3) GO TO 525 13676 0e0s
ZfCZ.01.3) GO TO SOO 633616 "es

C STORE L ING COSTS COMPUTED USING FICTITIOUS RGDw4s 033696 0 NO
CL46sCLL 08370 600
CE4*-CEL 083716 0 6
CM40o.CML 0837a6 600

C REDEFINE ROD TO A FICTITIOUS VALUE OF 60 FOR SECOND PART OF 83730 SO
C INTERPOLATION COMPUTATION 083740 006

RODeSO 033750 0000
108430360 6366 6600

C REDEFINE FLOU INDICATOR 083770 600
11-1Z+1 083780 000
GO TO 30 683190 0ee0

C ---- ---------------------------------------------------------- 083800 000
C 083810 000
C STORE LINING COSTS COMPUTED USING FICTITIOUS ROD-60 083820 eessee CLS-CLL 083830 000

CE60-CEL 083840 09eo
Cf6S-CML $838SS 6o09

C INTERPOLATE BTEEN ROD OF 40 AND 60 TO OBTAIN LINING COSTS 183860CLLoCL40 (RODD-40.)/20.*CCLS$-CL40) 883870 0000
CEL-CE4+(RODD-40.)/2S.U(CE6O-CE4S) 083880 "SO
CPLCM4O+(RGDD-40.)/ .(C6S-CM4e) 083890 3030..................................................................-- $ 3900 H aes

C REINSTATE ORIGINAL VALUES OF ROD ND B03 023916 600
RQD-RODD 083929 OSO
lOB-aDl 83939 Safe

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 083940 ses

C UNIT COST OF FORMUORK EQUALS ZERO FOR SHOTCRETE 083950 000
SS IF(LINING.EO.2) GO TO 2 083966 0606

C LINING IS CONCRETE. CHECK FOR SUPPRESSED FORMWORK COSTS 683976 000
IFCNOFORM.GT.S) GO TO 2 083980 0oe0
IF(ITYPE.EQ.8) GO TO 550 683996 0606

C UNIT COST OF FORMUORK IN TUNNELS 684000 o00
UCLoS.|F*CFLCA 084010 000
IF(ISHAPE.EO.1) X-2.2 684620 00
IF(ISHAPE.EO.2) Xm2.4 684630 e00
IF(ISHAPE.EQ.3) X-1.S 084040 0006
UCE-15. X*dF 08460 0000
UCM-*.183F 084060 Ses
AL-3.dHOURS 08406 0066
IF(NSTYP.EG.a) ALSAR 084080 900
GO TO 700 03409600OO

C UIT COST OF FORMWORK IN SHAFTS 0841006 600
$50 IF(IS.APE.EG.1) SFP,3.14 084110 Of6"

IF(ISHAPE.1Q.a) SFP-4. 084120 000
UCLeaS.+4.33F 084130 006
UCE-C1O.#1.S*IF)3SFP/3.14 084140 "600
UC4-0.733F 014160 00"
ALo3,.HOURS 034160 666
Go0 O 76 084170 6666
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C COMPUTE FQRPIORK COST$ 034130 "Of0
760 US:C I~lCFLUUE.+Y8DM)sUCL/AL 034180 008

CEUNOMASCPEUUICIUCE/AL *44ae Soft
CWuDUCN 034210, "If
Go TO 10441 064336 0044

C 33hh3h**823U22332*ss CUT AND COVER sss~ss~s~~ua 034330 "of
910 1F(RIWE.EQ.a) 0O TO 940 084246 "S6O

C TUNNEL 084380 0000
I7(LINING.EO.3) 00 TO 936 634360 0006

C----------------------------------084370 "e.
C CIP 30K; 034210 0446

UCLe4lf.-0.0?5*(70.-VL)32 084290 "e.
UCE-55.-S.*O3:d6S.-uti::i 6843"0 Oote
UCN'3I. SVL 034310 006
HOURCR-VL *AR/aIIO.-S.03x(UL -60.)532) @34320 @00
IFCHOURCO.LT.8.) HOURCRa3 684330 0060
CLL*UCLSbIOURCR/ARSCFLUUK 034340 0006
CELaUCE8I4OURCR/ARSCFEUUK 034366 0,00
CflL&UC1 084366 0006
9OURCR.FORrARARa689.-0643(FORMAR-400. )223 184370 066
IF(HOURCR.LT.S) IOURCRsO 034380 0060
CLFU. (160. * . SSPFORPIAR 3 NURCR/AR1CFLU 084390 000
CEF~s(3.N(FOR AR.160. )822/4606. )ZHOURCR/AR*CFEUK 0344606000
CPIFU*6. 35SFORMAR 634410 0060
RETURN 034420 000

C ------------------------------------------------------------------ 6984430 6000
C PRECAST CONCRETE BOX 084440 0000
930 UCLs(f.f7*(VL 08.)27 )5.J.64450 0060

UCE.CS.SO7*ZUL +86. 3sa-45. :50./UL 634460 0060
UCN*164.XUL 034470 6000
I4OURCRLIAR/56. 084430 0000
IF(HOURCR.LT.8.) IOURCR&8 0844900$000
CLL*UCLIHOURCRARCLUWI 044600 0
CELaUCE2HOURCR/AR*CFEUWK 034516 0090
CFIL-UCM' 034620 0060
0O TO 2 014630 6006

C- ----------------------------------------------------------------- 084540 000
C SHAFT 084566 696
940 IF(ISHAPE.EO.a) GO TO 94S 034566 0000

SFP-3.14 08456 000
GO TO 960 034630 0096

945 SP.4 684690 0066
960 VL. (3F+TL )XTLISFP/27. 03460 00

UCLe *.07*(UL +16.)19*2-7. 034616 006
UCEw 0.607*(IJL +30. )*2-4S. 034626 060
UCNeI04.sVL 084636 066
CLLaUCL*CFLWUK 084640 000"
CELwUCESCFEWUK 034650 0000
CMLuUCM $84606 0000
Go0 To 2. 034670 0660

100 RETURN 034680 0006
END 034690 ""0
SUBROUTINE CQNOUT(CLO CEO CMIO ITYPE alI SI4APE BE.AR RS NSTYP 034706 600
IMSTAD, DTUH.H.OUSCtLUUkCFEUOK,6SEQL.P&RM.SFADtO.T1MtG2 $84710 00

C--------------------- --------------------------------- 0384740 *000

C CGROUT CALCULATES THE COST OF GROUTING IN A TUNNEL OR $HAFT 084750 000
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C SEGMENT C84760 6000
C ---- 034770 0000

--- 84730 000
034780 00e0

ZU(NPVP. go TO 604 9830 0"0
IFCNOT"1.31.) so TO a"0 034310 00"0

C 3t823823*IZ* uS ROCK ~S8*S*3S2l~3EZ*034320 See0
IF(XT'VM.E0.92) 00 TO 3W 034330 000

C-------- --- ------------------------------------------ 014640 0000C TUNNEL 03430 00
IP(X)Q.1 00G TO 150 034360 00

C COST OF 6ROUTING EQUALS ZERO 034870 000
100 CLG.0 034330 000

CEO 034390 0000
ecee~ 034900 0000
RETURN 034910 0000

150 IF(ISNAPE.EO.1) SFPe3.14 084920 0000
IF(ISHAPE.EG.2) SFPe3.57 034930 0000
IF(IS$4APE.EO.3) SFPw2.66 034940 000
GTe..00*SFP:DE*( I.+.Ol3GI) 0349S0 000
GO TO 400 034960 0000

C-- -- --------------------------------------------------------- 034976 0000
C SHAFT 084980 0000

300 IF(GI.LT.1.) GO TO 100 034990 0000
C SHAFT IS LET,GROUTING REQUIRED 035000 0000

SFPo3.14 086010 0000
GT.0 .01 SSFPSIE 035010 0000

400 CONTIN4UE 035030 0000
MLeSFP*IE/4. 085040 s000
UCLwO 035050 se00
UCEw33.-0.0153(lE-46. )U8 035060 0000
UCNa. .5:GT.RS:LaWWO0.+0.075:HL-0.0523DE-46. )332/AR+100..'AR 035070 0000
GO TO 1000 085030 see0

C 036090 0000
C *U333::3:sS SOFT GROUND 3Uflfl8*U23S8 Z 035 e0e0s
C IS IT A SHAFT 035110 sees

500 IF(ITVPE.EO.21 GO TO 640 035120 000
C ------------------------------------------------------------------ 035130 0000
C TUNNEL 035140 000
C STABILIZED BY' GROUND INJECTIONS 035150 0000

IFCFISTAD.EQ.3) GO TO 556 035160 0000
Go TO 650 085170 0000

C IS TUNNEL CROWN DEEPER THAN 50 FT 035180 s0e0
550 IF(ISHAPE.LE.2.AND. D"U-$E/2..GT.50.) GO TO 600 035190 0000

IF(ISHAPE.EG.3 .AND. DTUN-BE/4..07.60.) GO TO 600 e35200 0000
C GROUTING FROM GROUND SURFACE 085210 0000

TIMEGe. .SDTUN/29. +IE'40. 035220 0000
IF(ISHAPE.EQ.3) TIMEGwO.6+DTUNu30..3E/8O. 6315236 s000
UCL*79.*CUE+10. )/25.3T1EGAR/HOURS 035240 0900
UCE*15.23$E.10. )/25.XTIfjEG3SAR/HOURS 035250 "Wo
UCM*3.2TIMEG8(3E+10. /45.40.a53(3E+10. )*22(0.55.0. 1SALOGIO(SQIRT 035260 WOO6

IF(ZSHAPE.EQ.3) UCMo3.:TIPIEG:(3E.10. )/15.40.35XC3E.10. )1(0.523E+ 035330 000

aRT(10.fAC(PERMm) 08330 000
GO TO 1000 035310 000.

C GROUTING FROM EXCAVATION FACE 085330 WO0
000 UCLus 035330 0000
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UCo3.4X3E 08S340 6900
UCN..14*SE.0.S(0..S+e.1ALOOCSORT(L .3SA3PERMf]))/ 003530 000

1(1.550..UALOGIO(SRT(IS.XA3S(PRM))))*3[SSFP 085360 s000e
Go TO 0s" 085370 0e
C------------- ----------------------------------------------- 0$15330 0000

C SHAFT 015390 00f0
C STABILIZED BY GROUND INJECTIONS ss46 0e00

640 IFCMSTAS.EO.3) 0 TO 700 085410 0000
650 CLG-e. 036480 O0

CEG-*. 086430 0600
CMGs$. 08440 ee
RETURN 085450 000

C IS SEGMENT MIDPOINT DEEPER THAN 20 FT 085460 0ee0
70 IF(HH.GT.aS0.) GO TO 6O0 085470 000

C GROUTING FROM GROUND SURFACE osS48 600
UCL79.:TIMEG2(BE+S.)ISFP/S./DTG*AR/NOURS 085490 0000
UCE.1S.:TIMEG*(CE+S.)SFP/S./DTGIAR/HOURS 0asss Sees
UCMa-.6*TIMEG(CBES.)SFP/DTG+e0.64(.SS0.1S*ALOG10(SOR

T(10.*ABS 09SS10 000
iCPERM))))RC3E+S.)*SFP/(1.SS +.ISSALOGI(SORT(10.ABSCPERM)))) esss2 000

C------------------------------------------------------------------ 85530 s0ee
C COST OF GROUTING 085540 6000
100 CLG-UCLSHOURS*CFLWWK/AR eassse 00ee

CEG-UCEXHOURSCFWUK/AR 085560 000
CMG*UCI 085570 000
RETURN 0SSe 0000
END 095596 os0
SUBROUTINE CPUMP(CLP CP,CMP NSTYP FLOU PHPIPL AR 6s600 0066

1ITYPE ELSURF ELDOTM 6AYS LINING PUAPTMAEXDTRN6H DROCKFLOWL, 05610 s0
2UELLSoRLTMIDI), ISUPPT,ELWATR.ELNPSIUATERCFLUKCFEUUK) 085620 e000

C ------------------------------------------- --------------------- 085630 000
C---------------------------------------------- -------------------- 085640 000
C CPUMP CALCULATES THE PUMPING COSTS 685650 0060
C PUMPING TIME COMPUTED IN COSTSF IS FOR SOFT GROUND SHAFT ONLY 685666 0000
C ASSUME PUMPING 24 HR A DAY , 7 DAYS A UEEK OPERATION 085670 000
C - ---------------------------------------------------------------- 085680 Ses
C ------------------------------------------------------------------ 85S690 000s
C 695706 00

IF(NSTYP.EQ.3) GO TO 300 085710 0000
C ROCK OR SOFT GROUND 085730 0000

IF(NSTYP.EG.2) GO TO 100 08S730 0O0
C ------------------------------------------------------------------ 085740 0006
C ROCK S756 000

(Coll t i Illt-d)
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C 6? 00O6 9835750 W
23:~ .6.570 OM435790 WOOonaso .. e.

------------------------- 616110 0W
DIP UELL PUMPING gise 004

C --------------------------------------------------------- 0- - 830 0 o0
C OFT GROUND O35846 Of

see WFIT E.E0.2) GO TO 8;0 essO ese
C ..................................................................- 85 60 Geoo
C TUNNEL e587o eeO

WELLLN-ELSURF-ELOTM 3BS3 "o
C PROVIDE S DAYS PUMPING AHEAD OF EXCAVATION TO REVERSE FLOW 03890 eeo
C PROVIDE SO FT FINISHED LINING PAST PUMP BEFORE STOPPING ITEM 086900 @"00

IF(ISUPPT.LE.3) GO TO 180 eSS3s osees
C STEEL RIDS WITH LINING 08S920 000
C PROUID THE GREATER OF TIME TO FINISH So FT LINING AHEAD OF PUMP, S930 Nos
C OR 30 CALENDAR DAYS FOR CURING OF CONCRETE 09s43 000
C SHOTCRETE IS PLACED UP TO THE FACE. CONCRETE IS KEPT 1S0 FT 859se "o
C IEHIM FACE. 08S960 "so

IFcSO./AR 7./DAYS.GE.38.) GO TO 150 089701 "so
------------------------------------------------------------------ 08950060

C PUMPING TIRE CONTROLLED BY CURING TINE SS990 0ees
C CONCRETE 086000 WI

IFtLINING.EQ.1) PUMPTM3S. ISO./AR*7./DAYS 386010 so00
C SHOTCRETE 886$80 "Oo

IFCLINING.EG.2) PUtPTM-3S. 086030 00000 T O 454 08604o 04109
C---------- -- -------------------------------------------- :w 084S aC PUMPING TINE CONTROLLED BY PLACING RATE OF LINING 086060 WeOO

C CONCRETE 036070 WOO
1SO IF(LXNING. EO. 1 PULPT=S.+e ./AR?./DAYS 036084 "OO

C SHOTCRETE 08609) WO4
IF(LINING.Eo.a) PUPTMoS.460./AR*7./DAYS O8619 0000
GO TO 4SO 0861A 000o

C SEGMENTED SUPPORT 086120 6e6
130 PURPTM.S. +5*O. 'AR*. ,DAYS 336130 000

GO TO 450 386140 "O3
C ---------------------------------------------------------------- 0986150 6000C SHAFT 086160 000

aS IF(ELWATR.LT.EL PB) GO TO 950 336170 0006

(Continued)
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C PWIN TIME! DIRPINED IN COSTSF $"so s o 
C P40 U1105 IF iOQ*f :we#0 "o

F(PiOk* LT.4.M12 UELLSsS061600C CIDL 1 FT LENGTH OF SHAFT 036116 "of
MaLLNl 0363 06

OTO456 036340 0000
C ----- --- - -- ------ ---- -- -------- -- -- $34850 "so
C CUT-AND-COER 036860 "s0o

300 IF(ITYPE.EG.2) 0O TO 96 036370 06
C TUNNEL 086330 00t0

IF(ELUATM.LT.ELSURF-DTRNCH) GO TO 950 08629000se0
IF(IWATER.EG.0) GO TO 960 036300 0a66

C IS I? SOLDIER PILE WITH LAGGING 086310 000
IFCISUPPT.EO.5) GO TO 356 096320 00o"
IF(DROCK.LT.DTRNCH .AND. ELUATR.LT.ELSURF-DROCK) GO TO 950 086330 0090
GO TO 466 036340 000

C IS ROCK LINE A3OUE TRENCH DOTTOMI 086350 0000
350 IF(DROCE.LT.DTRNCH) GO TO 900 616366 00
406 PUP!PTMs(1 ./AR.(TIMEDW.10. )/RL )?./DAYS 086370 6060

IF(LINING.EQ.1) PUMPTP!*d1./ARTIiEDJ40.)/L)7/DY 096330 0000
UELLLN-DTRMCH 0363940006
IFCWELLLM.GT.DROCK) UELLLN*DROCK 036400 0060

456 PIPEDm@.5*FLOL*0*.4 006410 000
IFCPIPED.LT.L.) PIPED-1 036424 0003

C SETUP COST OF DEEP WELLS 016438003
UCL*(0.4IPIPED+3.aSWELLLNRUELLSSA/24.SDAYS/7.*CFLUWK1.12 N36440 036
UCfe*. L5ZPIPED+.. LNWELSR2.*AS7*FEU/-1 086450 000
UCN*(0.7S*PIPED.3. )SUELLLN3SWELLSIAR/24.DAYS/~7. 036460 000

C OPERATING COST OF DEEP WELLS 086470 600
UCL.UCL*0.83SUELLSPUPTSARDAYS'7. 016430 6006
UCE'UCE.0.30652FLOLPH364.06?./d8000.+0.0265FLOuLSPH))* 036490 0000

IUELLS*PUMPTMXARDAYS/7 096500 000
UCP~sUCPI45 2PSFLOUL/100000 * EELLSSPuP!PTNtARtDAYS/?. 016510 0006

C SETUP 036520 0000
C IS IT CUT-AND-COJER 086530 6000

IF(NSTYP.EQ.3) GO TO 1000 016540 6SO0
C SOFT GROUND 036550 6000

IF(ITVPE.EG.2) GO TO 160 036560 0000
C-------- ---------------------------------------------------- 0986570 0000
C PUMPING FROM! TUNNEL 036580 6000
C ------------------------------------------------------------------ 036S90 0009
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(C)-1CN List iing (Cont intieci)

C -- --------------------------- 036596 ease
3M0 IF(PLOU.G..) GO TO 360 al660 000

C g NCST IF FLOW IS ZERO 086616 0000
086630 00

250 IFCPU.E.6.) GO TO to66 036630 0000
UCL.UCL S.+1l.8PH300.+O..3:PIPL 086640 0006
UcE:UCE,(.85sPN 4OSe.)SFLOU/sO. 086650 0ee
UOUCN)C S.PH/1OO. *FLOh/I 000. 016660 WO
GO TO Ies 08670 O0

C 03613------------------------------------------------------------ $86680 400
C' SUMP PUMPING 686690 00
C - --------------------------------------------------------------- 6- 086760 000

S00 PUPT-(1 ./AR1 O./RL)*7./DAYS 006710 000
IF(LINING.EG.1) PUMPTMs(1./AR+40.-/RL)X7./DAYS 686720 *80*
UCLS.*PURPTM/O56.*ARDAYS/7. 086730 006
UCEsS.4*PUPT./5O6. SAR*DAYS/7. 086740 006
UCR.0(.tS+0.000044:PH*FLOUL)*PUMPTM/500.*ARzDAVS/7. 086750 0000
GO TO 1000 036760 0000

C SHAFT 086770 000
950 CLPS. 036780 0000

CEPO. 086790 000
CMPDO. 086860 0000
RETURN 086810 ees

C----------------------------------------------------------------- 086820 6000
C CALCULATE PUMPING COSTS 086830 00
100 CLPaUCL*24/AR*7./DAYS21.12 036340 000

CEP-UCE*24./AR*?./DAYSIO.7S 036360 0000
CMPoUCMU24./AR?./DAYS 086360 0000
RETURN 086870 000
END 8sso8 Gets
SU3ROUTINE CAIRC(CLACCEACCMACoG,OTBEoF AR HOURS NSTYP MSTAD, 086390 0006

I ITYPEoAIRPR SFA ISHAPE HHoCAUT ALOCKbTC.DT6APUMALT.DM 036900 0000
2 ALOCKLoUCMCP,6FLUWK.FEJUKDAYS°Y,PERFM) 086910 060

C----------------------------------------- 036920 000
C CAKRC COMPUTES THE COSTS OF VENTILATIOM, AIR COOLING, 086930 0000
C COMPRESSED AIR, AND AIR LOCKS 086940 000
C - --------------------------------------------------------------- 0- e869se ee

ZFCNSTYP.E0.3) 00 TO 400 036960 000
IF(NSTYP.EQ.1) GO TO SO 036970 0e
DLS.SORT(1O.*A#S(PERM)) 036980 0000
IF( 16.L0.9.94S) DLOEO.06 636990 000

C SHAFT OR TUNNEL 087000 e0e
SO IF(ITYPE.EO.2) GO TO 300 087010 sees

C 31*38*3*2fgE fl TUNNELS U*Z3Z2S82*08E087080 0000
C CHECK COOLING REGUIREMENT 087030 00

IF(G.GT.6.) GO TO 10 087040S ee0
C NO COOLING 07060 000

UCLC-O. 037060 0e0
UCLMC0. 08760 0000
UCECS. 037030 Of
UCMC.0. 07090 04O
00 TO a" 037I 0000

C COST OF SETUP AND OPERATION OF COOLING PLANT 037116 WOe
100 IF(ALOCK.QT.0.) UCLMCoQT3ALOCK/48. 087130 000

IF(ALOCK.LT.S.) UCLMCn$T(I.-ALOCK)/48. 037130 Safeu¢ -l~O MLAO Iess
UCIC.0000130T 037166 0000
VOc-o. 000000980 087160 $00
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C -- - - - - - - - - - - - - - -- - - - - - - - - - - -- - - -- 0871760 060
600 IF(PSTAl.NE.1 Go TO Go 9871W 0080

C COMMRSSE AXE so 06

UCLCA 14.4 elm$8 600$
C COSTS OF AIR LOCK AND SETUP 637330 0800

iCLLIA8 037340 090
UCLO *0.33N4Il..5(ALOKA-1. )) 037250 000
ACLCIDI 017870 0690
IFVX5NAPE.EG.3) ALOCKDw0.SEDF 63e3 6000o
XF(ALOCICD.GT.15.) AL'qCIDw15. 037890 $800
IF(ALOCICL.LT.30.) ALOCKL'3S. 037300 000
bIALOCK. 16 * ALOCKD8 CALOCKL.ALOCKD) 087310 060
UIULIC.S.:(SFA*3F2Ia-s.795SALOCKD**2 )'87. @37320 0900
UCMLOK*( IaO0..0. 18141)2(1 .,0.85(ALOKA-1. ) .140.*VIULK*ALOKA 637330 0000

C COST OF COMPRESSED AIR PLANT, SETUP AND OPERATION 037340 600
UCLMqCAs6.075S(30000..14.4sCAUT )3ALOKA 037350 fees
UCECAsI. 3+0.9011*CAUT 037360 0004
UCMCA-O.063*CAJ*(CC(AIRPR.14.7)'14.7+.00123:PUMPLT )**0.242-1.) 087370 000
CLAC-(UCLLKASHOURS/AR+UCLMC/DTC4(UCLMCA+UCLLOK )/DTCA )8CFLUU.K 637380 600

I *CUCLCA *-UCLC )*24./AR*./.DAYSRI .12 087300 6060
CEACe CUCEC*UCECA)*84./ARS7./DAYS*O.715.UCELOKDTCA3CFEUWK 037400 000
CNAC' CUCNC4VCNCA )824./ARS?./DAYS.UCM'CP.UCMLOK/DTCA 087410 0"S0
1 *o. SOO01S3UALOCICRHOURS/AR 037426 0ON0
GO TO 500 087430 0tt0

C-- ---- --------------------------------------------------------- 07446 6000
C CALCULATE UNIT COSTS OF VENTILATION 03746 0000

68 UCLU'3.*DM 087466 6060UCEU-0 .S*9. 62S2SFA*3ES**a/10S0 637470 0060
UCMV5U3.3SFASEuU:DM/1S00. *87480 000
UCMDFU*3 . SFA33E**2/3*0. 087490 0000CLAC-UCLUSC HOURS*CFLUUK4..5VDM )/AR 087500 090
IFCDTC.GT.S.) CLAC.CLAC.CUCLMC/DTC+HOURS*UCLC/AR/4. )SCFLUUK 037516 s00$
CEAC' (UCEU+UCEC2HOURSAR,4.*)*CFEUUK 087520 0006
CNAC*UCNDFV4HOURS*UCMV/AR+ucMC:HouRSAR/4. 337530 0000
GO TO 500 637540 0440

C SS~)S***22s~l SHAFTS :3a::28:ss: 875S6 00
C COMPRESSED AIR AND COOLING COSTS 637560 060

300 IF(NSTYP.EQ.1.OR.MSTAB.NE.1) GO TO 406 637570 600
CAV-(23.5.10.:ALOQIocDIO)):SFA2BE$R3 087530 0000
Ge7S.*CAVs20.*SGRT(CAU ).500g. 037590 $06
UCLCAmU.96 0876000666
UCEC*0.600613*0 037610 060
UCECA..3.0-61iscAu 880378 066
UC0.6 006980 637630 0000UCMCA-0.OO3*CAVS( C(AIRPR*14.7)/14.7.0.00aS25,n.242-1.) 034006
CLACsUCLCAZI4..'AR:* 12 687656 00e0
CEAC. CUCEC+UCECA )*24./*R8O.715 637660 0000
CRAC. CUCMC+UCPHCA )S34.* AR 037670 "00
Go TO 500 037636 0000

4"0 CLACuS. 03769000"0
CEAC64. 037790 0400

C !ColC. 98077160 00M
------ ------------------------------------ 037720000500 RETURN 037730 090,

END 037746 0004
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AbmT M CXII! CL0.I 0375 S000

INA(4).1(4) 0377"6000
.'44END .4W40 9,414YS7.4HM0377 Se

UItECLO 1) A 6377* 00005REASCLX.1) 1 017790 06"0010 Ial 4 007800 00000 FAI.~.CZ O To 3 037310 0060

08730 0000I ~FtfTCIH1 444) 08734* 0008 ORN9AC444S 037310 0000END 627360 G0e0SUB MUTIME MOCK(CLYS CE!S CMTS MOD MEX ISe4APE BE AR QS BE40,3E6t,
I!T'iPE,Y t4STYP IF ISUAPT,4LATE:rSE6,ps6ZL WED P?6TAL INi LINUT3NSTA3 CfLCA H6URi. CFLUUK.CFEWK.SFA.LININ6.DM.CLLDCECCNL.
3CLF46FJJ AW

1010 SFPoi.14
S%4e0.0
Y3e.@.
UCL3E(5.+.043E*9
UCEY3(S.S+.03Z(E+E1S. )S*8)

1360 SIGI4.3.
1370 CJO!N?.3C*SFP1S+SEGN

UCL.IJCL. 15*CJO!NTSAR/HOURS
UCEOUC . O3ICj0~IRARPtiOURS
UCMeUCII+.*3SCJOIN?
U3AKGwSFA*IE**-cE-.333 )**a)
UCL*UCL.3UDIACKG*AR/HOURS
UCC.UCE+ .S3VIACICG*AR'HOUNS
UCI'oUCMIi.~* IACKG
CLTSm C MURS*CFLIJK+iVDM )8UCL/AR
CE!S.NOURSCFEUWKSCUCE/AA
CI!TSOUCI
CLLs.6
CE16L6.0
CLFU*0.S
CEFWmO.0

RETURN
E14D
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